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Cessna 172 conducting a manatee survey along the Gulf Coast of Florida.
This Florida Fish and Wildlife Conservation 
Commission–Fish and Wildlife Research Institute 
(FWC–FWRI) Technical Report describes and 
summarizes the FWC–FWRI aerial-survey 
projects conducted from 1984 to 2004 to 
document manatee distribution in Florida and 
it provides details of the methods used in the 
studies (Table 1, Map 1; FWC, 2000; and FWC 
unpublished data). Surveys reported here were 
conducted by FWC or in conjunction with other 
agencies. This report is intended for use by local, 
state, and federal agencies and others involved 
in assessing the impacts of human activities on 
manatees and their habitat. It provides basic 
summaries of these surveys, their methods, 
the resulting data, and includes maps showing 
where manatees were sighted.  Aerial survey 
data (manatee sightings and flight routes) from 
this technical report are available in a Geographic 
Information System (GIS) computer mapping 
format (shapefiles) on the FWC–FMRI Atlas of 
Marine Resources CD–ROM (FWC, 2000) or on 
the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
The analyses reported do not address in 
detail the environmental and habitat factors that
may influence aerial surveys. The data and 
analyses described in this report provide a 
starting point for researchers who want to further 
investigate the seasonal distribution and habitat 
use of manatees in Florida. Other available data 
sets pertaining to manatee management and 
protection are also described. The information 
presented in this document is current to 2004 and 
does not include projects or surveys conducted 
after 2004.
Background
Since 1967, aerial surveys have been used to 
gather information on the distribution of the 
Florida manatee (Trichechus manatus latirostris; 
Hartman, 1979; Ackerman, 1995).  FWC–FWRI 
(formerly Florida Department of Environmental 
Protection–Florida Marine Research Institute 
[FDEP–FMRI], and Florida Department of 
Natural Resources–Florida Marine Research 
Institute [FDNR–FMRI]) uses aerial surveys 
of manatees to gather information for research 
purposes and for informing management 
decisions concerning manatee conservation. 
Although these current aerial surveys do not 
provide estimates of manatee population 
size, they are a cost-effective tool for mapping 
manatee distribution over large areas and are 
the best method currently available for acquiring 
data on the spatial distribution of these marine 
mammals. Aerial survey data have also been 
widely used for other research activities (e.g., 
in assessing manatee mortality related to red 
tide and in trying to elucidate the impacts of 
power-plant deregulation).  Data from aerial 
surveys, along with data on manatee mortality, 
movements, habitats, and human activities, are 
used to develop management strategies that 
facilitate the recovery of this endangered species 
(USFWS, 2001). 
Surveys of the winter and summer distributions 
of manatees have been conducted in the Crystal 
Chapter 1__________
Introduction
Bruce B. Ackerman
Bruce B. Ackerman, Florida Fish and Wildlife 
Conservation Commission, Fish and Wildlife 
Research Institute, 100 Eighth Avenue S.E., St. 
Petersburg, FL 33701 USA. Present address: Idaho 
Department of Fish and Game, P.O. Box 25, Boise, ID 
83707 USA.
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River area (Citrus and Levy counties) regularly 
since 1969 (Hartman, 1979; Powell, 1981; Powell 
and Rathbun, 1984; Kochman et al., 1985; 
Rathbun et al., 1990; Lefebvre and Kochman, 
1991; J. Kleen, USFWS, unpublished data). 
The FWC–FWRI manatee aerial program was 
initiated in 1984. At that time, little information 
was available on seasonal distribution patterns 
and local abundances of the Florida manatee 
in many parts of its range (Moore, 1951a; 
Layne, 1965; Hartman, 1974, 1979; O’Shea, 
1988). Previous studies focused primarily on 
winter aggregations at power plants (Rose and 
McCutcheon, 1980; Raymond, 1981; McGehee, 
1982; Shane, 1984) and natural springs (Hartman, 
1979; Powell and Rathbun, 1984; Kochman et al., 
1985; Rathbun et al., 1990). However, a few year-
round distribution studies also were conducted 
by others (e.g., Odell 1976, 1979; Irvine and 
Campbell, 1978; Irvine et al., 1982; Shane, 1983; 
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
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Table 1 Summary of aerial survey studies of manatee distribution, 1984–2004, conducted by FWC and other agencies. The names 
of researchers and associated GIS data sets are in parentheses after the agency name.
.
2 FWRI Technical Report TR-00
CD–ROM (FWC, 2000) and as FWC–FWRI unpub-
lished data.
Types of Aerial Surveys 
Several types of aerial surveys of manatees have been
used by researchers for various purposes, depending
on the research objectives (Hartman, 1974; Irvine nd
C mpbell, 1978; Rose nd McCutcheon, 1980; Irvine,
1982; Irvine et al., 1982; Packard et al., 1984; Reynolds and
Wilcox, 1985, 1986, 1994).Three variations on manatee
aerial-survey procedures are described here (Acker-
man, 1995).They differ in timing, survey intensity, de-
sign of aircraft route, and statistical analysis.
Statewide Synoptic Surveys
In our statewide “synoptic” surveys, we obtained in-
formation about the Florida manatee population by si-
multaneously surveying all manatee inter habitat
throughout the state (Ackerman, 1995; FWC–FWRI,
unpublished data). Synoptic surveys combine some fea-
tures of less intensive distribution surveys over many
large areas and of intensive counts at all winter ag-
Florida Manatee Distribution 1984–2004 Edwards & Ackerman
Table 1 Summary of aerial survey studies of manatee distribution, 1984–2004, conducted by FWC and other agencies.The
names of researchers and associated GIS data sets are in parentheses after the agency name.
Agency (primary observers; 
Area Dates GIS data set names)
EAST COAST SURVEYS
FWC
Duval County 5/1993 to 5/1994 FWC (W. Brooks, J. Pennington; AMSJT,
(Lower St. Johns River) FTSJT)
St. Johns, Clay, Putnam counties 6/1994 to 6/1995 FWC (W. Brooks, J. Pennington; AMSJT94)
(Middle St. Johns River)
St. Johns, Flagler,Volusia counties 3/1991 to 11/1993 FWC (J.Valade, E. Westerman, W. Brooks; 
(ICW, coast) AMNE, FTNE)
Volusia County (Tomoka River) 5/1985 to 12/1985 FWC (B. Weigle; AMWTK)
Volusia County (coastal) 7/2002 to 6/2004 FWC (B. Sharp, A. Windham-Reid,
K. Beard; Dist_Volusia_2002_2004)
Brevard County 9/1997 to 9/1999 FWC (C.Taylor; AMBRV97, FTBRV97)
Indian River County 7/2002 to 6/2004 FWC (P. Husted, C. Hudak; 
Dist_Indian_River_2002_2004)
St. Lucie, Martin counties 8/1990 to 6/1993 FWC (K. Abbott, S.Tyson, A. Perry; AMLC,
FTLC)
Palm Beach County 8/1990 to 6/1993 Palm Beach County (D. Carson; AMPB,
FTPB)
Broward, Miami-Dade counties 1/1988 to 3/1990 FWC (M. Ludlow, D. Carson; AMSEC, FTSEC)
Interagency Cooperative
Volusia County (coastal) 12/1985 to 1/1987 USFWS Sirenia Project (R. Bonde,
(Halifax River,Tomoka River, B. Beeler; AMTMK, AMHALX, FTTMK,
Mosquito Lagoon) FTHALX)
Brevard County 12/1985 to 1/1987 USFWS Sirenia Project (R. Bonde,
(North Indian River, Banana River, B. Beeler; AMBAN, AMIR, FTBAN, FTIR)
Banana Creek) 
Brevard County 1/1986 to 1/1987 Brevard County (R. Day)
(South Indian River) FWC (P. Carbonara; AMBREV, FTBREV)
Indian River, St. Lucie counties 6/1985 to 12/1987 FWC (B. Weigle; AMII, FTII)
St. Lucie, Martin, Palm Beach counties 1/1986 to 1/1987 USFWS (S. Marcus; AMEMC, FTEMC)
Executive Summary
(continued)
Kinnaird, 1985; Rathbun et al., 1990). The FWC–
FWRI distribution surveys typically followed the 
methods of earlier distribution studies and most 
were made twice per month, year-round for two 
or more years. Some studies lasted longer than 
two years; in a few of the studies, the survey area 
was modified as additional information became 
available or as management needs arose. Some 
surveys were repeated five to ten years later to 
update distribution data needed by managers. 
Typical methods are described in detail in 
Chapter 2. 
Types of Aerial Surveys 
Several types of manatee aerial surveys have 
been used by researchers for various purposes, 
depending on the research objectives (Hartman, 
1974; Irvine and Campbell, 1978; Rose and 
McCutcheon, 1980; Irvine, 1982; Irvine et al., 
1982; Packard et al., 1984; Reynolds and Wilcox, 
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
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Table 1 Summary of aerial survey studies of manatee distribution, 1984–2004, conducted by FWC and other agencies. The names 
of researchers and associated GIS data sets are in parentheses after the agency name. (continued)
gregation .These surveys yi ld a minimum p pulation
count and are most effectively conducted during
Florida’s coldest weather, when most of the manatees
in north and central Florida are aggregated at warm-
water refuges. FWC–FWRI conducted 24 synoptic sur-
veys from 1991 to 2008 (FWC–FWRI, unpublished data).
A similar survey was conducted i  1976 by Irvine and
Campbell (1978).
Distribution Surveys
The purpose of distribution surveys (“extended-area
surveys,”Packard, 1985a) is to document manatee spa-
tial distribution and habitat use. Distribution surveys
provide a minimum estimate of the number of animals
present in the area on a given day. They cover a large
area and are done repeatedly over one or more years.
They provide data on seasonal and yearly changes in
spatial distribution. Because availability and detec-
tion biases were not addressed in these surveys, they
cannot be used to draw inferences about where man-
atees are not fou d, or to assess trends in population
size.These data show the location of the man tees by
season and are one of the basic sources of data for man-
Edwards & Ackerman Florida Manatee Distribution 1984–2004
FWRI Technical Report TR-00 3
.
Executive Summary
WEST COAST SURVEYS
Franklin and Gulf counties 5/1997 to 8/1998 FWC/ANERR (T. Calleson; AMAPALG;
(Apalachicola Bay) FTAPALG)
Wakulla County 10/1994 to 7/1996 FWC/BPSM (M. Morris; AMWAKULA,
FTWAKULA)
Manatee County (north) 5/1985 to 12/1986 FWC (B. Weigle; AMMAN, FTMAN)
Tampa Bay
Pinellas, Hillsborough, 11/1987 to 5/1994 FWC (B. Weigle, B. Beeler Wright,
north Manatee counties 1/1995 to 6/1997 B. Ackerman) and Eckerd College
(J. Reynolds, W. Szelistowski et al.; AMTB,
AMTB97, FTTB)*
Charlotte Harbor
Charlotte, Lee, De Soto, 1/1987 to 12/1988 FWC (K. Frohlich, D. Carson; AMCHAR,
Sarasota counties FTCHAR)
Lee County 1/1984 to 12/1985 FWC/USFWS (K. Frohlich; AMLEE, FTLEE)
10/1994 to 11/1995 FWC (B. Ackerman, K. Clifton,T. Pitchford; 
1/1997 to 1/1998 AMLEE94, AMLEE97, FTLEE947)
Hendry Creek 5/1988 to 12/1988 FWC (K. Frohlich; ASLEEX)
Deep Lagoon 6/1986 to 2/1988 FWC (K. Frohlich; ASLEEX)
Imperial River 3/1987 to 2/1988 FWC (K. Frohlich; ASLEEX) 
Collier and Monroe counties
North Collier (Wiggins Pass) 2/1987 to 2/1988 FWC (K. Frohlich; ASWIG) 
Naples area 1/1986 to 1/1987 FWC (K. Frohlich; ASNAPL)
Marco Island area 1/1989 to 12/1990 FWC (K. Frohlich, P. Nabor; AMWMC,
AMMC90, FTWMC)
Port of the Islands 1/1986 to 12/1990 FWC (K. Frohlich, P. Nabor; AMPRT, FTPRT)
Everglades City 1/1986 to 1/1987 FWC (K. Frohlich; ASGLAD)
Ochopee 3/1987 to 12/1988 FWC (K. Frohlich; ASOCHO)
Ten Thousand Islands 1/1991 to 11/1993 FWC (P. Nabor,T. Pitchford,
(includes Everglades City, B. Ackerman, K. Clifton; AMTEN, FTTEN)
Ochopee,Port of the Islands)
* Tampa Bay, 1987–97: Reynolds et al. (1991), Wright et al. (2002)
Table 1 Summary of aerial survey studies of manatee distribution, 1984–2004, conducted by FWC and other agencies.The
names of researchers and associated GIS data sets are in parentheses after the agency name. (continued)
Agency (primary observers; 
Area Dates GIS data set names)
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Map 1  Twenty-five Florida counties in which FWC–FWRI or other agencies conducted aerial surveys of manatee distribution during 
1984–2004.
1985, 1986, 1994). Two variations on manatee 
aerial-survey procedures are described below 
(Ackerman, 1995). They differ in timing, survey 
intensity, design of aircraft route, and statistical 
analysis.  Only the results of the distribution 
surveys are described in this technical report. 
Statewide Synoptic Surveys
FWC-FWRI conducts statewide “synoptic” 
surveys, to obtain information about the 
Florida manatee population by simultaneously 
surveying manatee winter habitat throughout the 
state of Florida (Ackerman, 1995; FWC–FWRI, 
unpublished data). Synoptic surveys combine 
some features of the less intensive distribution 
surveys with intensive counts at winter 
aggregations. These surveys yield a count of the 
minimum number of manatees and are most 
effectively conducted during Florida’s coldest 
weather, when most of the manatees in north 
and central Florida are aggregated at warm-
water refuges. FWC–FWRI has conducted 30 
synoptic surveys from 1991 to 2016 (FWC–FWRI, 
unpublished data). Results of these surveys 
can be found at http://myfwc.com/research/
manatee/.  A similar type of survey was 
conducted in 1976 by Irvine and Campbell (1978). 
Distribution Surveys
The purpose of distribution surveys (“extended-
area surveys,” Packard, 1985a) is to document 
manatee spatial distribution and habitat 
use. These surveys cover a large area and 
are conducted repeatedly over one or more 
years. Data from distribution surveys have 
been used extensively by FWC researchers to 
document seasonal distribution of manatees, 
their aggregation areas, seasonal patterns in 
movements, high-use areas, and use of power 
plant warm-water discharges. The surveys 
also provide information on the manatees’ 
habitat use and can be used to help define areas 
requiring special protection. Because the biases of 
availability and detectability were not addressed 
in these surveys, they cannot be used to draw 
inferences about where manatees are not found, 
or to assess trends in population size. These data 
show the location of the manatees by season 
and are one of the basic sources of data for 
manatee management activities.  Many manatee 
protection actions have been based in part on 
data from these surveys (e.g., watercraft speed 
zones; manatee protection plans; and reviews 
of permit applications for coastal construction 
and developments, boat races, and other human 
activities; Weigle and Haddad, 1990; Ward and 
Weigle, 1993; USFWS, 2001). These data were 
used to support manatee protection measures 
proposed for the first time in 1989 (FDNR, 1989) 
to regulate watercraft speeds in 13 counties in 
Florida. 
In conducting our aerial surveys, we strive for 
consistency. For example, these surveys were 
designed (in most cases) to cover a given area 
of interest (e.g., one county) in a single day over 
a maximum of about six hours of search time 
(Mence, 1969). Flights are usually conducted in 
one day to ensure that manatees are not double 
counted (if they move along the survey route). 
However, in some cases it is not possible to cover 
large waterways in one day and the survey is 
extended to two days. The route is chosen to 
maximize the number of manatees seen in the 
available time while covering the most important 
known areas of manatee use. 
A prescribed flight path is chosen to survey 
areas where manatees are known to aggregate or 
areas where management is of importance. The 
routes may be complicated, winding along the 
shore, or may be transects across wider areas. 
Important areas of manatee concentration are 
circled repeatedly to increase the probability 
that all groups of manatees present are seen. The 
flight path is intended to remain constant for the 
duration of the study, but sometimes the route 
is changed or enlarged during a study as new 
information is obtained regarding the location of 
manatees. To maintain consistency, most studies 
have flown each part of the flight path the same 
way on each flight, in the same direction and at 
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the same time of day. We examined the effects 
of randomizing the starting point to address 
time-of-day issues (Chapter 15, this volume, Lee 
County 1997–98). This was also done in aerial 
surveys in Sarasota County (J. Koelsch and E. 
Quintana, MML, unpublished manuscript).
In most cases, surveys cover only the shallower
waters (<10 ft [3 m]), where manatees are most 
likely to occur. Manatee-movement data from 
satellite telemetry support the notion that 
distribution surveys do survey the habitats used 
most frequently by manatees (Weigle et al., 2001; 
Deutsch et al., 2003; FWC–FWRI, unpublished 
data). However, these data may be biased 
because telemetry locations are more likely to be 
received in shallow areas where the transmitter is 
frequently at the surface and in communication 
with the satellites. Less emphasis has been placed 
on aerial surveys of deep or turbid waters, which 
are much more difficult to survey. Alternatives 
for surveying deep or turbid water include 
surveying from slow-moving, small helicopters 
(Rathbun, 1988; Chapter 3, this volume, Lower 
St. Johns River, 1993–94; S. Markley, Miami-Dade 
County, unpublished data), airships (B. Weigle, 
unpublished data), or very intensive aerial-
survey procedures at known concentration areas 
(Packard et al., 1986).
Overview: Distribution
Survey Areas
In northeastern Florida, FWC–FWRI conducted 
a series of surveys in 1991–93 on the Atlantic 
Coast (St. Johns, Flagler, and Volusia counties) 
and in 1993–95 on the St. Johns River (Duval, 
St. Johns, Clay, and Putnam counties; Chapter 
3, this volume). Earlier studies were conducted 
in these areas by Kinnaird (1985) in 1982–83 and 
by Valade (1991) in Nassau County in 1986–88 
and Duval County in 1988–90. Additional twice-
monthly surveys (two days per survey, four days 
per month) of Duval County were made by
Jacksonville University since 1995 (White et al., 
2002; Jacksonville University, unpublished 
data). FWC–FWRI surveyed the coast of Volusia 
County again from July 2002 through July 2004 
(Chapter 4).
In 1986, five teams from the United States Fish 
and Wildlife Service (USFWS), FWC–FWRI, 
and the Brevard County Department of Natural 
Resources Management conducted simultaneous 
surveys twice per month for 14 months 
(December 1985 to January 1987) in six adjacent 
counties on the central east coast of Florida 
(Volusia, Brevard, Indian River, St. Lucie, 
Martin, and Palm Beach counties; Chapter 6, 
this volume). The surveys provided insight into 
the dynamics of east coast migrations prior to 
photo-identification and telemetry studies (Reid 
et al., 1991; Deutsch et al., 2003). The USFWS 
previously conducted distribution surveys in 
Brevard County in 1978–80 (Shane, 1983). FWC–
FWRI conducted the Brevard County distribution 
surveys again in 1997–99 (Chapter 5, this 
volume) and more recently surveys have been 
conducted by Mote Marine Laboratory (MML). 
FWC–FWRI surveyed Indian River County again 
from 2002–2004 (Chapter 7). In addition, counts 
at east-coast power plants in winter have been 
conducted since 1977 by Rose and McCutcheon 
(1980) and Shane (1984) and subsequently by 
Reynolds and Wilcox (1994) and Reynolds (2003) 
until present. Helicopter surveys of the northern 
Banana River were conducted from 1984 to the 
present (Provancha and Provancha 1988, 1989). 
In southeastern Florida, FWC–FWRI conducted 
surveys in Broward and Dade (renamed Miami-
Dade in 1997) counties from 1988 to 1990 
(Chapter 10, this volume) and in St. Lucie and 
Martin counties from 1991 to 1993 (Chapter 8, 
this volume) and more recently in 2010–2012. 
FWC–FWRI sponsored surveys by the Palm 
Beach County Department of Environmental 
Resources Management staff from 1991 to 1993 
(Chapter 9, this volume). Surveys were also 
conducted by the Broward County Office of 
Planning from 1991 to 1993 (D. Stone et al., 
unpublished data), the Miami-Dade County 
Department of Environmental Resource 
Management, 1989–present (S. Markley et al., 
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Miami-Dade County, unpublished data), 
Everglades National Park from 1990 to 1995 (R. 
Snow, 1992, unpublished data), and in the Florida 
Keys from 1994 to 1995 (K. Curtin, unpublished 
data). Many of these surveys were initially 
funded by FWC–FWRI.
Surveys were conducted by FWC staff in parts 
of the Big Bend region in Wakulla and Franklin 
Counties in 1994 to 1996 and 1997 to 1998 
respectively (Chapters 11 and 12, this volume).
 In the Tampa Bay area (Pinellas, Hillsborough,
and Manatee counties), staff at FWC–FWRI 
and Eckerd College conducted surveys from 
1987 to 1997 (Reynolds et al., 1991; Wright 
et al., 2002; Chapter 13, this volume). Mote 
Marine Laboratory conducted similar surveys 
in Manatee, Sarasota, and Charlotte counties 
intermittently from 1985 until the present (Kadel 
and Patton, 1992; J. Koelsch and E. Quintana, 
MML, unpublished manuscript).
In southwestern Florida, the USFWS and FWC–
FWRI conducted twice-monthly surveys in Lee 
County in 1984–85 (Chapter 15, this volume). 
Subsequent FWC–FWRI surveys extensively 
covered Charlotte, Lee, and Collier counties 
during 1986–1993 (Chapters 14–17, this volume). 
Surveys of Lee County were conducted again in 
1994–95 and 1997–98 (Chapter 15, this volume) 
and more recently by Mote Marine Laboratory.
GIS Data Sets
Data on sightings of manatees during all 
aerial surveys conducted by FWC–FWRI, and 
for numerous surveys conducted by other 
agencies, have been digitized and entered into 
a Geographic Information System (Weigle and 
Haddad, 1990; Ward and Weigle, 1993; FWC, 
2000). These data are entered and mapped using 
ArcGIS® software (Environmental Systems 
Research Institute, Inc. [ESRI], Redlands, 
California) using a digital shoreline basemap 
from NOAA navigational charts (1:40,000) and 
from USGS quadrangles (1:24,000).  Manatees, 
and in some cases, other marine species sightings 
were entered as point locations with associated 
attribute fields. O’Shea and Kochman (1990) 
described these and various other manatee data 
sets available for use in GIS systems. 
Limitations of
Distribution Surveys
There are some limitations to distribution aerial 
surveys (Eberhardt, 1982; Packard et al., 1984, 
1986; Packard 1985a; O’Shea 1988; Lefebvre et al., 
1995). Observers conducting distribution surveys 
may occasionally miss some of the manatees 
present in the study area, especially in the warm 
months when manatees are widely dispersed. 
Undercounting may result from the observers not 
noticing manatees that are visible (“perception 
bias”), from not seeing manatees that are present 
but obscured (“availability bias”), or from not 
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Manatees feeding on a seagrass flat.
Satellite-tagged manatee and others in the thermal 
discharge of a power plant.
covering all of the areas where manatees are 
present (“absence bias”) (Lefebvre et al., 1995). 
Observers may not see manatees that are partly 
obscured because they are in deep or turbid 
water, in rough sea surface conditions, hidden 
below overhanging trees or floating vegetation, 
or because they are too far away from the flight 
line. Clear, shallow, or smooth water conditions 
and bright or cloudless skies provide better 
viewing conditions than deep, turbid, or tannic 
waters and cloudy or windy weather (Irvine, 
1982; Packard, 1985a; Ackerman, 1995, Edwards 
et al. 2007). Observers are more likely to see large 
or active groups of manatees than small groups 
or inactive animals (Pollock and Kendall, 1987; 
Ackerman, 1988).
Biases in surveys may be large or negligible, 
depending on weather and water conditions, 
or on the observer, and are likely to vary 
substantially from day to day and from place 
to place and from survey to survey. Biases are 
usually not equal between aquatic habitats 
within the same study area or between study 
areas. The effects of biases on aerial wildlife 
counts have been discussed by Caughley (1974), 
Eberhardt et al. (1979), Pollock and Kendall 
(1987), Marsh and Sinclair (1989) and others. 
Lefebvre et al. (1995) discussed the theory and 
problems associated with manatee-distribution 
aerial-survey techniques, particularly as they 
relate to estimates of population size and trend. 
They summarized the recommendations by 
aerial-survey experts who met in St. Petersburg, 
Florida, in 1987 and at the 1992 Technical 
Workshop on Manatee Population Biology 
(Gainesville, Florida). Additional discussions 
took place at the Manatee Population Ecology 
and Management Workshop (2002, Gainesville, 
Florida). Since manatees are sometimes difficult 
to detect and therefore to count (Packard et al., 
1985, 1986), aerial survey counts are generally 
assumed to represent the minimum number of 
manatees present and are not considered to be a 
statistically valid population estimate or index 
(Lefebvre et al., 1995).
Limitations of
the Aircraft
FAA regulations often preclude airplanes 
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Manatees and a boat in the Sarasota Bay area in optimum viewing conditions.
from flying at altitudes conducive to counting 
manatees (below 1,000 ft [300 m]). In addition, 
minimum practical speeds of the survey 
airplanes (Cessna 172, 182) are usually 110–130 
km/hr, so it is not possible to stay over any one 
area very long to ensure that all manatees are 
seen. Small aircraft are more cost-effective for 
surveying large areas, whether assessed by time 
or cost. Helicopters (Rathbun, 1988) and airships 
(B. Weigle, personal communication) may be 
more suited for slowly and carefully examining 
waterways and observing animals. Research 
recently completed or currently underway tests 
the results of using unmanned aircraft (P. Zager, 
Idaho Department of Fish and Game, and F. 
Percival, University of Florida, unpublished 
data), tethered airships (Flamm et al., 2000), and 
high-resolution aerial imagery from aircraft or 
satellites to survey animals. 
Recommendations of
the 1992 Technical
Workshop on Manatee
Population Biology
As recommended by the Aerial Survey 
Techniques working group at the 1992 Technical 
Workshop on Manatee Population Biology 
(O’Shea et al., 1992; Lefebvre et al., 1995), 
improved and statistically valid techniques 
are needed for conducting aerial surveys of 
manatees. It is important to develop new 
techniques for assessing and correcting for 
visibility bias (Packard, 1985a; Packard et al., 
1986; Pollock and Kendall, 1987; Marsh and 
Sinclair, 1989). The FWC–FWRI is currently 
working towards improving both statewide 
synoptic and distribution aerial survey methods.
Line-transect procedures are one method for 
standardizing the survey effort and adjusting 
for visibility bias (Graham and Bell, 1989; Marsh 
and Sinclair, 1989; Marsh, 1995). The feasibility 
of strip-transect techniques was assessed in the 
Banana River, Brevard County (Miller et al., 
1998; B. Ackerman, FWC–FWRI, unpublished 
data, 1993, 1994, 1997, 2000). Stratified-sampling 
survey procedures can be used to reduce the 
area actually surveyed and provide statistical 
estimates with standard errors. Additionally, 
double-observer techniques also can help adjust 
for changes in visibility biases (Graham and Bell, 
1989; Marsh and Sinclair, 1989). It is important 
to collect more detailed information on the 
temperature and weather conditions that affect 
the counts, assess their effects on the counts 
statistically, and minimize the effects of those 
that are significant (e.g., Garrott et al., 1994; Craig 
et al., 1997,Wright et al., 2002.  Edwards et al., 
2007; Fonnesbeck et al., 2009). Despite problems 
associated with visibility biases and consistency, 
manatee distribution surveys remain a cost-
effective tool for mapping manatee distribution. 
Distribution surveys have now been conducted 
in all areas of Florida frequented by manatees 
as part of a high-priority, long-term monitoring 
program to support management decisions 
regarding the species (Ackerman, 1995).
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Bruce Ackerman alongside a Cessna 172 survey aircraft.
Introduction 
This chapter provides a detailed summary of the 
aerial survey methods used by the Florida Fish 
and Wildlife Conservation Commission (FWC) to 
conduct distribution surveys.  These methods are 
similar to those used by other agencies who have 
conducted surveys (Irvine, 1982; Shane, 1983; 
Kinnaird, 1985; Packard, 1985a; Ackerman, 1995) 
and include survey design, flight protocols, data 
entry, data mapping in a Geographic Information 
System (GIS), and statistical and spatial data 
analyses. Procedures were standardized for 
FWC–FWRI studies. However, procedures 
used in some of the studies were altered when 
necessary, and departures from standard 
procedures are described in each chapter. This 
chapter also describes related manatee data sets 
referenced throughout this volume.
Survey Procedures    
Most FWC–FWRI aerial surveys were conducted 
from a Cessna 172 or 182 fixed-wing aircraft, or a 
similar small, high-winged, 4-seat airplane with 
good downward visibility (Irvine, 1982; Packard, 
1985a; Ackerman, 1995). Small helicopters were 
also used in some studies. Helicopters are useful 
when surveys are conducted in areas where 
slower flight speeds were needed to allow 
enough time to spot manatees, such as urban 
or residential areas, in congested airspaces such 
as near major airports (e.g., Miami-Dade and 
Broward counties), or over dark or turbid water 
(e.g., see Chapter 3, this volume, St. Johns River). 
However, flight time for helicopters is much 
more expensive than for fixed-wing aircraft, so 
they were less frequently used. 
Flights were typically made at altitudes ranging 
from 150 to 210 m and at air speeds ranging from 
130 to 150 km/hr. Minimum possible safe flight 
speeds were usually 110–130 km/hr in a fixed-
wing aircraft. When manatees were seen, the 
airplane slowed and circled the area clockwise. 
The group of animals was circled until the best 
count was made and recorded (i.e., repetitive 
counts became consistent) and other relevant 
data (e.g., environmental data, animal behavior) 
were verified and recorded. The original flight 
route was then resumed. Although manatees 
could be spotted by any observer or the pilot, 
manatees were officially counted and mapped 
only when confirmed by the primary observer. 
Observers typically viewed a strip of water 
approximately 400 m wide on the right side of 
the flight route. In some studies, observers also 
recorded dolphin sightings (Tursiops truncatus; 
Weigle et al., 1991), sea turtle sightings, most 
commonly loggerheads (Caretta caretta); and 
number and kinds of boats observed. These data 
were usually recorded secondary to the data 
concerning manatee observations. “Groups” 
in our surveys comprised manatees that were 
closely associated and formed a recognizable unit 
when seen from the airplane (Wright et al., 2002). 
Irvine et al. (1982) defined manatees or dolphins 
as being in groups when the animals were within 
100 m of one another. Although manatees at that 
distance may in fact be interacting with each 
other, we were interested in mapping data at a 
finer scale. Kinnaird (1985) and Provancha and 
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Provancha (1988) defined manatees as being 
in a group when they were within three body 
lengths of each other. We considered manatees 
to be in a group when all animals were within 
about 3–5 body lengths from others (i.e., up to 
10–15 m apart). This was close enough together 
to reasonably map them at a single point on a 
map data sheet. Usually, all of the individuals in 
a group were engaged in the same behavior. An 
adult with a calf was considered to be a group of 
two animals. 
Survey Timing    
Most FWC–FWRI surveys were made twice per 
month and continued for two or more years (i.e., 
48 flights, normally two weeks apart).  Some 
studies were repeated after 5 or 10 years to 
update data for management purposes (e.g., this 
volume: Chapter 3, Northeast Florida, 1991–93; 
Chapter 5, Brevard, 1997–99; Chapter 15, Lee, 
1984–85 and 1994–98). Two flights in a month 
were usually conducted at least a week apart to 
record the changing number of manatees present 
and their distribution throughout the month. 
However, it was sometimes not possible to 
maintain this interval between flights because of 
weather conditions or scheduling conflicts.   
Pilots and Observers    
Pilots experienced in flying at low altitudes, 
at slow speeds, and in tight orbits were used. 
If possible, the same pilot flew each survey, 
minimizing the time the observer needed 
to spend training and directing the pilot. 
Considerable experience in low-altitude, slow-
speed, circling flight was necessary for safe 
operations, because this mode of flying can be 
more difficult than most other flight missions. 
One or two experienced observers typically 
conducted each survey. The same experienced 
observers were used whenever possible to 
maximize the number of manatees seen. Most 
observers wore polarized sunglasses to reduce 
surface glare on the water. Both observers were 
seated on the right side of the aircraft, with the 
door attached and closed and the window open. 
The primary (most experienced) observer sat 
in the right front seat and had a minimum of 
30 hours of manatee aerial survey experience 
and detailed knowledge of the survey area 
(Ackerman, 1995). Secondary observers were 
not required for most survey areas, but were 
sometimes used (B. Ackerman, FWC–FWRI, 
unpublished data; Miller et al., 1998). If wide 
expanses of shallow water were covered, 
secondary observers could view from the left 
rear seat to help cover the area effectively (Irvine, 
1982; Shane, 1983; Provancha and Provancha, 
1988; Chapter 15, this volume, Lee, 1984–85 
flights). We chose not to have an additional 
person in the plane solely to record data during 
the flight to reduce weight in the aircraft.
Flights were most commonly conducted between 
9:00 a.m. and 2:00 p.m., when the sun angle was 
high and wind speeds were usually low. Wind 
and rain were more likely later in the day. Flights 
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Manatee navigating Salt Creek in Sarasota County.
were typically three to six hours long, with 
one or two breaks to land and rest if the flights 
were longer than three to four hours. Observer 
performance is reduced if surveys take longer 
than six hours per day. Mence (1969) discussed 
fatigue and physical factors that reduce observer 
performance during these long flights.
Survey Routes    
Surveys were made along a standardized flight 
route, which was followed consistently year-
round. The route was marked on detailed maps, 
such as National Oceanic and Atmospheric 
Administration (NOAA) 1:40,000 navigation 
charts or U.S. Geological Survey (USGS) 1:24,000 
topographic maps. Observations were recorded 
by hand in red ink on photocopies of these maps. 
Large, complex study areas were sometimes 
flown on two consecutive days (Sarasota and 
Charlotte counties, Kadel and Patton, 1992; 
Everglades National Park, Snow, 1992; Duval 
County, White et al., 2002; Chapter 5, this volume, 
Brevard, 1997–99) or by more than one aircraft 
simultaneously (Chapter 6, this volume, East 
Coast, 1985–87; Chapter 13, this volume, Tampa 
Bay, 1987–97; Reynolds et al., 1991; Wright et al., 
2002).
 Survey routes were designed to cover likely 
manatee habitats in the study area. Routes 
included coastal areas, major rivers and 
tributaries, estuaries (typically to depths of 3 m), 
and freshwater and saltwater canals. Manatees 
were most commonly seen in shallow water, 
where the aquatic vegetation on which they 
feed occurs. Survey flights concentrated on the 
following areas: winter aggregation sites, areas 
within 500 m of shore, offshore areas < 2 m deep 
(shoals) or with aquatic vegetation, freshwater 
sources, and where manatees had historically 
been seen.
High-density manatee concentrations, such as at 
power plants, natural springs, or other passive 
thermal basins, were surveyed intensively 
(“intensive-area” counts, Packard, 1985a). Each 
small area of water was circled clockwise at 
least twice before we moved further along the 
flight route. This technique took more time but 
increased the probability of detecting resting 
manatees. Manatees resting on the bottom had 
more time to rise for a breath while the aircraft 
was circling overhead. Low-density areas were 
overflown less intensively according to the 
“extended-area” methods (Packard, 1985a). 
Only one pass was made over each area, which 
reduced the probability of seeing manatees 
present but allowed a larger area to be sampled.
In some studies, wide expanses of shallow
water (e.g., the Indian River, Lake Okeechobee, 
Whitewater Bay) were covered in a series of 
transects, 0.8 or 1.6 km apart (e.g., Odell, 1976, 
1979; Leatherwood, 1979 [4.6 km apart]; Shane, 
1983; Provancha and Provancha, 1988, 1989; 
Miller et al., 1998; Chapter 6, this volume, East 
Coast, 1985–87; Chapter 13, this volume, Tampa 
Bay, 1987–97). In this case, a secondary observer 
may look out the left window. Wide expanses of 
deeper water, such as in Tampa Bay or Sarasota 
Bay, were overflown only along the shoreline 
and around spoil islands. This allowed more area 
to be covered per unit time but decreased the 
probability of detecting all manatees present.
Data Recorded    
Data about each survey flight were recorded 
on standardized forms that included date, start 
and end time, elapsed time (from “Hobbs” 
meter on aircraft), observer and pilot names, 
aircraft type, aircraft speed and altitude, weather 
conditions, and any photographs taken. In most 
of the studies, overall visibility factors were 
summarized during each flight. Conditions 
recorded on each map page during the flight 
included wind speed (knots, equal to 1.85 km/
hr) and direction (compass degrees, magnetic), air 
temperature (°F or °C), cloud cover (percentage of 
sky covered), and if possible water clarity (depth 
to which a manatee could be seen, in feet, because 
depths on navigation charts are depicted in 
feet), and water-surface conditions (Packard and 
Mulholland, 1983; Shane, 1984; Packard, 1985a; 
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Reynolds and Wilcox, 1985; Ackerman, 1995). 
Wind speed and direction, and air temperature 
(°F or °C) were obtained during the flight from 
the nearest FAA aircraft control tower (some 
report in °F, some in °C). Units described here 
are those used in aircraft communications. Wind 
speed and direction, air temperature (°F), and 
percent cloud cover were also available later from 
weather stations at major cities (recorded every 
three hours at major NOAA weather stations; i.e., 
Jacksonville, Daytona, West Palm Beach, Miami, 
Key West, Apalachicola, Tampa, Fort Myers). 
Water temperatures (°F or °C) were available at 
only a few relevant sites around the state. 
A scale of water-surface conditions was 
modified from the Beaufort Scale (Packard and 
Mulholland, 1983; Packard, 1985a; Ackerman, 
1995): 
0 = smooth as glass;
1 = ripples with appearance of scales, no foam
crests;
2 = small wavelets, crests of glossy appearance,
not breaking, no whitecaps;
3 = large wavelets, crests beginning to break,
scattered whitecaps.
The best visibility below the water surface 
occurred when the water was clear, there were 
few clouds, it was sunny, and the water’s 
surface was smooth. The best flying conditions 
for observer comfort and safety occurred when 
temperatures were moderate, and there was 
little wind and no fog or precipitation (Mence, 
1969; Ackerman, 1995). Flights were canceled 
if water-surface conditions were rated 3 or 
higher on the Beaufort Scale by the observer 
or if large areas of rain or winds greater than 
37 km/hr arose (Packard, 1985a; Ackerman, 
1995). Patchy thunderstorms were frequent in 
summer afternoons but could often be avoided 
or the plane rerouted to cover other sections 
of the route first without significant delays. In 
addition, the observer subjectively assigned a 
survey rating immediately after each survey, that 
integrated these environmental factors as well 
as the pilot skill, observer experience, and other 
unusual conditions (1 = very poor, 2 = poor, 3 
= fair, 4 = good, and 5 = very good/excellent; 
Shane, 1983; Packard and Mulholland, 1983; 
Packard, 1985a; Reynolds and Wilcox, 1985; 
Provancha and Provancha, 1988; Reynolds, 2003). 
Data for each group of animals observed 
(manatees, dolphins, and sea turtles) were 
recorded on individual map pages, including 
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Manatees at Fanning Springs. Photo by FWC.
the number of adults and calves present, their 
location, and behavior (resting, traveling, 
feeding, or cavorting; Kinnaird, 1985; White 
et al., 2002). Direction of travel was recorded 
for traveling manatees. Manatee calves were 
defined operationally as those animals closely 
associated with an adult, and less than about 
half its length (Irvine and Campbell, 1978; Irvine, 
1982; Kinnaird, 1985; Reynolds and Wilcox, 
1985; Provancha and Provancha, 1988). This 
classification was intended to separate animals 
≤12 months old from older animals. In practice, 
it was not always possible to distinguish small 
calves (age 0–12 months) from larger calves 
(13–24 months), especially when the small calves 
were with subadults and small adults. Behavior 
categories included the following:
Resting = motionless manatees,
Traveling = swimming manatees (also recorded
direction of travel),
Feeding = recognized by presence of a manatee 
in a grassbed and a nearby plume of suspended 
sediment in the water,
Cavorting = mating herd, or large group of 
manatees rolling, splashing, or swimming in 
tight circles.
Codes for geographic zones within survey 
routes and descriptions of localities and any 
other behaviors observed, other than those listed 
above, were recorded on some studies and are 
described in their respective chapters.
Most manatees were seen close to the flight 
route but not directly under the aircraft. Visual 
cues, such as splashing, distinctive surface 
wakes (“footprints”), mud trails from traveling 
manatees, and mud plumes associated with 
manatees feeding on the bottom can alert the 
observer to animals some distance away (Irvine, 
1982; Ackerman, 1995). Manatees frequently 
sought out deep (3–4 m), quiet canals for resting 
and rested on the bottom for long periods when 
the air was especially cold (<5–10°C). Under 
these conditions, counting was difficult and the 
percentage seen was probably low. 
Manatees were easiest to find when aggregated 
at known sites, in areas with the clearest water, 
or when they were swimming in large groups. In 
winter, aggregations occur at or near warm-water 
refuges. When aggregated, manatees often stir 
up large amounts of mud, making it difficult to 
see and count them. Photographs or video from 
aircraft can be used to confirm counts of large 
groups in clear water but were not of much value 
for large groups in turbid water, particularly 
when manatees were bottom-resting, because not 
all of the animals were visible at any moment.
GIS Data Entry    
As technology evolved over the course of this 
data-collection process, a variety of methods were 
used to digitize the manatee-sighting locations. 
For many years, attribute data about each group 
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of animals seen during an aerial survey (date, 
number of adults, number of calves, total number 
of animals, behavior, zone code, and other notes) 
were entered into a dBASE® III+ database file 
(Ashton-Tate Corp., Torrance, California). The 
location of each group of animals was then 
digitized into a coverage using ArcInfo® GIS 
software (Environmental Systems Research 
Institute, Inc. [ESRI], Redlands, California) and 
then linked or joined with attributes. Data-entry 
methods for more recent surveys involved direct 
digitization of both attributes and points into a 
GIS shapefile using ArcGIS® ArcMap® software 
(ESRI).
Data were verified by the original primary 
observer, who reviewed, revised, and finalized 
the attribute data and the mapped location 
of each sighting relative to the shoreline. The 
finalized GIS coverage or shapefile was provided 
to the FWC Imperiled Species Management 
Section (formerly FWC Bureau of Protected 
Species Management). The GIS maps in the 
present report were created using ArcGIS® 9.2 
software to display aerial sightings of manatees, 
prescribed flight routes, shorelines, county 
lines, and relevant city boundaries. This report 
includes maps of the flight route and sightings 
of manatees during each survey. These aerial 
survey data (manatee sightings and flight routes) 
are available on the FWC–FMRI Atlas of Marine 
Resources CD–ROM (FWC, 2000) or on the FWC 
website http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam.
Statistical Analyses    
Analyses of the total number of manatees and 
the percentage of the total that were calves, by 
date, season, year, and zone were conducted on 
the verified data in the dBASE® III+ and GIS 
data sets. Relative number of manatees was 
examined by dividing the year into two time-
periods. Seasons were defined as cold (December 
to February) or warm (March to November). In 
the Panhandle, the cold season was defined as 
November to March, because of longer winters 
(Chapters 11 and 12, this volume). For further 
resolution, the year was divided into four 
quarters: winter (December–February), spring 
(March–May), summer (June–August), and 
fall (September–November) (Provancha and 
Provancha, 1988; White et al., 2002). We examined 
the differences in manatee movements, behavior, 
and spatial patterns during these four time 
periods. Counts and percentages by months were 
also examined. 
The total number of manatees, both adults and
calves, and the percentage of calves (calves/
total #of manatees*100) on each flight date were 
tabulated. We calculated the number of manatees 
seen on each survey flight during each season, 
during each quarter, and over all years. Basic 
descriptive statistics were given (mean, median, 
minimum, maximum, and standard deviation) 
for counts during each time period.  In addition 
percentage of calves and size of groups observed 
(mean, median, 95th-percentile, maximum, 
and the percentage of groups that included 
only one manatee) were reported.  The mean 
percentage across all of the dates was used in the 
ANOVA summary (e.g., percent calves for each 
individual survey was used to calculate the mean 
percentage of calves) and the mean calculated 
for each season and quarter. If no manatees were 
seen on a flight, the percent calves was a missing 
value for that date.
Differences between means of counts in various 
time periods were assessed using analysis of 
variance procedures (ANOVA; Proc GLM, SAS 
[SAS Institute, Inc.], 1990; Powell and Rathbun, 
1984; Kinnaird, 1985; Provancha and Provancha, 
1988). Multiple comparisons to test for significant 
differences between means were made using the 
Tukey-Kramer test for all pairwise comparisons 
(experiment-wise type I error controlled at P < 
0.05). For a few data sets, additional analyses 
were made. Linear regression (Proc GLM, SAS, 
1990, p< 0.05) was used to assess each flight, 
the relationships between total counts and 
continuous weather variables (e.g., air and 
water temperatures, wind speed; Packard and 
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Mulholland, 1983; Reynolds and Wilcox, 1985; 
Garrott et al., 1994; Wright et al., 2002). For a few 
multiyear data sets, regression of counts versus 
years was also performed (Garrott et al., 1994; 
Wright et al., 2002; J. Koelsch and E. Quintana, 
MML, unpublished data). Relationships between 
counts and categorical variables (e.g., zone by 
season) were analyzed using chi-square two-way 
contingency tables, weighted by group size (Proc 
FREQ, SAS, 1990).
Other Manatee Data Sets    
In this report, results from aerial survey studies 
were frequently compared to findings from other 
manatee research studies. Brief descriptions 
of these related studies are given here, with 
references to more detailed reports.  
Statewide winter “synoptic” aerial and ground 
surveys were coordinated by FWC–FWRI to fulfill 
legislatively mandated annual statewide censuses 
of manatee populations. Thirty synoptic 
surveys were conducted from 1991 to 2016, to 
rapidly cover most manatee winter habitats 
during a very cold period each winter and to 
obtain information on statewide populations 
and winter distributions (Ackerman, 1995). 
Approximately 20 teams from 10 agencies 
covered all known important manatee winter 
habitats in two days. This survey combined some 
features of distribution surveys (i.e., covering 
many large areas), with those of intensive counts 
at winter aggregation sites. Synoptic surveys 
were most effective in Florida’s coldest winter 
weather, when most of the manatees in northern 
and central Florida were aggregated at warm-
water refuges. In some cases, in one flight, both a 
distribution survey and a synoptic survey could 
be conducted simultaneously.
Winter aerial surveys of manatees at aggregation 
sites in natural springs and at power plants have 
been conducted for many years. They allow us 
to document use of these sites; for example, the 
Florida Power and Light Company (FPL) power 
plants have been surveyed every winter since 
1977 (Rose and McCutcheon, 1980; Raymond, 
1981; McGehee, 1982; Reynolds and Wilcox, 1985, 
1986, 1994; Garrott et al., 1994; Reynolds, 2003; 
Edwards et al., 2007). The manatees wintering 
at Crystal River have been surveyed since 
1967 (Hartman, 1979; Powell, 1981; Powell and 
Rathbun, 1984; Kochman et al., 1985; Rathbun et 
al., 1990, 1995; USFWS, unpublished data). 
Manatee mortality has been documented in 
Florida since 1974 (O’Shea et al., 1985; Ackerman 
et al., 1995; Wright et al., 1995; FWC–FWRI, 
unpublished data). Carcass recovery was 
coordinated by the U.S. Fish and Wildlife Service 
[USFWS, now USGS Biological Resources 
Division, Sirenia Project] from 1974 to 1985, the 
University of Miami from 1974 to 1987, and by 
FWC–FWRI from 1985 to the present (O’Shea 
et al., 1985; Ackerman et al., 1995; FWC–FWRI, 
unpublished data). Probable cause of death was 
determined via field and laboratory necropsy 
procedures. 
Manatee life-history information is obtained by 
observing manatees previously photographed or 
by tracking radio-tagged manatees. Satellite and 
VHF radio-tagging techniques were developed 
by the USGS Sirenia Project for monitoring 
manatees in saltwater habitats and determining 
their movements and habitat use. The USGS 
and partners have used telemetry to monitor 
manatees on the east coast since 1986 (Mate et 
al., 1987; Reid et al., 1995; Deutsch et al., 1998, 
2003) and in southwestern Florida starting in 
2001 (USGS, unpublished data). The FWC–FWRI 
conducted satellite telemetry research centered 
on Tampa Bay from 1991 to 1996 and from 2001 
to 2006 and elsewhere in southwest Florida 
since 1997 (FWC–FWRI, unpublished data). 
These data complement aerial survey results in 
assessing movements of animals between study 
areas, movements between wintering sites, 
migration dates, and overlap between adjacent 
subpopulations. More recent studies provide 
advanced analyses of movement patterns (Weigle 
et al., 2001; Deutsch et al., 2003; Flamm et al., 2005). 
Photographs have been used to identify 
manatees in Florida for several decades (Reid et 
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al., 1991; Beck and Reid, 1995). Researchers have 
used photographs of scars and other markings to 
identify individual manatees and to document 
information on their life histories, such as 
movements between study areas (Reid et al., 1991; 
FWC–FMRI and USGS, unpublished data), 
reproductive rates (O’Shea and Hartley, 1995; 
Rathbun et al., 1995; Reid et al., 1995), and 
survival rates (O’Shea and Langtimm, 1995; 
Langtimm et al., 1998, 2004). These studies focused 
primarily on manatee aggregations in winter. 
Results from analyses of photo-identification 
data have been used in current population 
CITATION: 
Ackerman, B. B. 2016. Chapter 2. “Methods of 
Aerial Surveys of Manatee Distribution.” Pages 
23-30 in H. H. Edwards and B. B. Ackerman. 
Aerial Surveys of Manatee Distribution in Florida, 
1984-2004. Florida Fish and Wildlife Research 
Institute Technical Report TR-19, St. Petersburg, 
FL USA. 273 pp.
modeling to evaluate the status of the Florida 
manatee population (Eberhardt and O’Shea, 1995; 
Marmontel et al., 1997; Runge et al., 2004).
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Introduction 
Manatees are widely dispersed in northeastern 
Florida in the spring, summer, and fall. In fall 
and winter, manatees respond to decreasing air 
and water temperatures by migrating to and 
aggregating in springs of relatively constant 
temperatures and at the warm-water effluents of 
power plants and other industries. The majority 
of the manatees using northeastern Florida 
habitats in the warmer months migrate south 
to power plant and industrial effluents on the 
Atlantic Coast during the cooler months of the 
year (Brevard County south to Dade County; 
Kinnaird, 1985; Reid et al., 1991, 1995; White 
et al., 2002; Deutsch et al., 2003). However, 
hundreds of manatees use Blue Spring State 
Park in the upper reaches of the St. Johns River 
in Volusia County in winter (Bengtson, 1981; 
O’Shea and Hartley, 1995; W. Hartley, personal 
communication). The manatees that use the 
upper St. Johns River are considered to be a 
subpopulation separate from those that winter 
along the Atlantic Coast (U.S. Fish and Wildlife 
Service [USFWS], 2001; FWC, 2002).
Chapter 3__________
Aerial Distribution Surveys of Manatees
in Northeastern Florida, 1991–1995
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In northeastern Florida and southeastern
Georgia, there were formerly six artificial warm-
water effluents that together supported a small 
resident population of up to 25 manatees in 
winter (Layne, 1965; Rose and McCutcheon, 
1980; Kinnaird and Valade, 1983; Beeler and 
O’Shea, 1988; Zoodsma, 1991; Deutsch et al., 
2000, 2003; White et al., 2002). These included 
the Jacksonville Electric Authority’s (JEA) 
Kennedy Generating Station, the JEA Southside 
Generating Station, and the Jefferson Smurfit 
Corporation’s Talleyrand Plant (formerly 
Container Board Corporation of America) in 
the St. Johns River in downtown Jacksonville 
(Duval County). In addition, there were three 
paper mills north of the St. Johns River that were 
also used by these resident manatees in winter. 
These sources of warm water were eliminated or 
diffused by November 1997, either intentionally 
to eliminate their use by manatees or as a 
result of changes in the industrial operations 
(Deutsch et al., 2000). It was believed that the 
ambient water temperatures in the region were 
too cold to allow manatees to safely depend on 
the production of warm water at these sites. 
A cooperative telemetry study to assess the 
manatees’ response to the loss of these historical 
warm-water sites was conducted by the United 
States Geological Service (USGS) Sirenia Project, 
Georgia Department of Natural Resources, and 
FWC–FWRI’s Jacksonville Field Laboratory in 
1997–1998 (Deutsch et al., 2000).
The main geographic feature in northeastern 
Florida is the St. Johns River, an elongated 
estuary with a shallow gradient that is used 
extensively by manatees. The river begins 484 
km inland and has a drainage area of more 
than 15,000 km2. The upper and middle reaches 
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of the river generally run south to north for a 
distance of 460 km from its headwaters inland 
of Fort Pierce in northwestern St. Lucie County 
to Jacksonville in Duval County. Downstream of 
Jacksonville, the river turns eastward for another 
24 km and discharges into the Atlantic Ocean 
at Mayport, Florida. The shoreline of the St. 
Johns River is highly vegetated. In contrast, the 
Intracoastal Waterway (ICW) is a long, narrow 
corridor of dredged canals that connect several 
long, shallow coastal lagoons that parallel the 
Atlantic Ocean coast. The shallow lagoons have 
abundant vegetation, but the ICW does not.
Manatee use of northeastern Florida has been 
documented over the past few decades. Layne 
(1965) reported that four or five manatees used 
the two power plants in Jacksonville in the 
winter of 1960–1961. Researchers made several 
early aerial surveys of manatees in northeastern 
Florida, including one statewide survey 
conducted by Hartman in the summer of 1974. 
Irvine and Campbell (1978) included this county 
in two statewide aerial surveys: one during the 
winter and one during the summer of 1976. The 
winter count (January–February 1976) yielded 
11 manatees in Jacksonville (ground count), 3 in 
Putnam and Flagler counties (aerial count), and 
11 at Blue Spring (ground count).
Rose and McCutcheon (1980) conducted winter 
surveys of the power plants in northeast Florida 
after the passage of cold fronts during 1977–1980. 
Kinnaird (1985) made twice-monthly aerial 
surveys from July 1982 to June 1983—the only 
year-round, wide-scale distribution survey in 
northeastern Florida up to that time. It covered 
the St. Johns River (Duval, Clay, and St. Johns 
counties) and the Atlantic coast (Nassau, Duval, 
St. Johns, Flagler, and Volusia counties). Parts 
of coastal Volusia County were also surveyed 
in 1985–1987. The Tomoka River was surveyed 
by Brad Weigle (FWC–FWRI) from May 1985 to 
December 1985 (data available in GIS format; 
FWC, 2000, CD–ROM [data sets AMWTK, 
FTWTK]). Both the Tomoka River and the Halifax 
River were then surveyed by Bob Bonde and 
Beth Beeler Wright, USFWS, from December 
1985 to January 1987 as part of a multi-county 
survey (Chapter 5, this volume; FWC, 2000, CD–
ROM [data sets AMTMK, AMHALX, FTTMK, 
FTHALX]).
CH2M Hill (1986), a consulting firm, conducted 
26 twice-monthly aerial surveys, from June 1985 
to June 1986, covering 176 km2 of the middle St. 
Johns River near Green Cove Springs (Clay, St. 
Johns, and Putnam counties). Valade (1991) made 
50 aerial surveys from May 1988 to April 1990, 
covering Duval County’s waterways for the City 
of Jacksonville (data available in GIS format; 
FWC, 2000, CD–ROM [data set AMDUV]). These 
surveys covered the ICW, the St. Johns River 
from the mouth upstream to the southern border 
of Duval County, Doctors Lake in adjacent Clay 
County, and Julington Creek in St. Johns County. 
Valade also surveyed the waters of neighboring 
Nassau County during 50 flights from October 
1986 to October 1988 on contract to the City of 
Fernandina Beach. These data were reported in 
Zoodsma (1991) and are available in GIS format 
(FWC, 2000 [data set AMNAS]).
This report summarizes the results of three 
aerial-survey studies that were conducted in 
portions of northeastern Florida by the FWC–
FWRI Jacksonville Field Laboratory from March 
1991 to June 1995. These studies were designed 
to update existing information on manatee 
distribution, obtain minimum population 
estimates, document preferred habitat, and 
provide detailed distribution data for those 
making management decisions.
Surveys in study 1 of this report followed 
Kinnaird’s (1985) survey route of her Atlantic 
Coast study and the ICW in St. Johns, Flagler, 
and Volusia counties (data sets AMNE, FTNE). 
Surveys in studies 2 and 3 were similar to 
surveys by Kinnaird (1985) and Valade (1991) in 
the St. Johns River. Surveys in study 2 focused on 
the tributaries of the St. Johns River in western 
Duval County and parts of St. Johns and Clay 
counties (data sets AMSJT, FTSJT). Study 3 began 
in southwestern Duval County and covered 
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the St. Johns River farther upstream in Clay, St. 
Johns, and Putnam counties (data sets AMSJ94, 
FTSJ94). Subsequently, in conjunction with 
developing the Duval County Manatee Protection 
Plan, the City of Jacksonville contracted with 
Jacksonville University to survey Duval County 
waterways. White et al. (2002) reported on the 
first 95 two-day surveys from March 1994 to May 
1998; these surveys continue to the present and 
are similar in aerial coverage to those of Valade 
(1991) and to those in study 2 reported here.
Here we document the results of the 1991–1995 
FWC–FWRI aerial surveys. The raw data from 
these aerial survey studies (sightings data and 
flight routes) are available on the FWC–FMRI 
CD–ROM and on the FWC website http://ocean.
floridamarine.org/mrgis/Description_Layers_
Marine.htm#marmam (FWC, 2000 [data sets 
AMNE, AMSJT, AMSJT94; flight route, FTNE, 
FTSJT, FTSJ94]).
Methods
Study Area
STUDY 1: ATLANTIC COAST AND 
INTRACOASTAL WATERWAY
Surveys in study 1 were made following the 
same routes used in Kinnaird’s (1985) surveys 
of the Atlantic Coast and the ICW of St. Johns, 
Flagler, and Volusia counties (Maps 1, 2). Surveys 
covered coastal, estuarine, and riverine waters, 
160 km of the ICW, and 160 km of nearshore 
Atlantic Ocean waters. They did not include 
the St. Johns River or its tributaries. The study 
area extended from the Duval–St. Johns county 
line, south to the Mosquito Lagoon at the 
Volusia–Brevard county line. Surveys included 
the Tolomato, Guana, Matanzas, San Sebastian, 
Tomoka, and Halifax rivers; Turnbull Bay; Salt 
Run; Spruce Creek; and the Palm Coast canal 
systems. The Tolomato, Guana, Matanzas, and 
Halifax rivers are lagoons or “bar-bounded” 
estuaries.
Forty-six twice-monthly surveys were made from 
March 1991 to November 1993. Survey flight time 
averaged 6.2 hours (Table 1; FWC, 2000, data sets 
AMNE, FTNE). Four surveys were made in most 
calendar months, except during January (two), 
April (five), May (six), July (two), and November 
(three); because of personnel changes, surveys 
were not made from August to November 1992.
Many undeveloped areas under state or federal 
management were part of the study area, 
including the Guana River Marsh, Tomoka 
Marsh, and Mosquito Lagoon State Aquatic 
Preserves, the Guana–Tolomato–Matanzas 
National Estuarine Research Reserve; the Guana 
River, Anastasia, North Peninsula, Tomoka, and 
Spruce Creek state parks; Canaveral National 
Seashore; Merritt Island National Wildlife 
Refuge; and the Kennedy Space Center.
The study area was subdivided into six zones 
(3–8) for analysis (Map 3). For comparative 
purposes, the zones were the same as those 
defined by Kinnaird (1985; 8 zones). However, 
this study did not survey her zones 1, 2, and a 
portion of 3 (from Kings Bay, Georgia, to the J. 
Butler Bridge). Zones were defined as follows 
(SJ = St. Johns County, FL = Flagler County, 
VO = Volusia County):
Zone 3—Highway 202 J. Turner Butler Bridge 
south to the Highway 210 Palm Valley Bridge 
(SJ);
Zone 4—Highway 210 Palm Valley Bridge to the 
Highway A1A Vilano Beach Bridge (SJ);
Zone 5—Highway A1A Vilano Beach Bridge to 
the Highway 206 Crescent Beach Bridge (SJ);
Zone 6—Highway 206 Crescent Beach Bridge to 
the Highway 100 Flagler Beach Bridge (SJ, FL);
Zone 7—Highway 100 Flagler Beach Bridge to 
the Highway A1A Port Orange Bridge (FL,VO); 
and
Zone 8—Highway A1A Port Orange Bridge to 
the Volusia–Brevard county line (VO).
STUDY 2: LOWER ST. JOHNS RIVER
Study 2 surveys were similar to surveys by 
Kinnaird (1985) and Valade (1991). Twenty-one 
twice-monthly aerial surveys were conducted 
for one year, from May 20, 1993, to May 27, 
1994 (FWC, 2000 [data sets AMSJT, FTSJT]); the 
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Map 1  Northern section of the flight path followed during aerial surveys of manatee distribution in Atlantic Coast and 
Intracoastal Waterway Florida (study 1, St. Johns, Flagler, and Volusia counties; n = 46 surveys) from March 1991 to 
November 1993 (FTNE data set).
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Map 2  Southern section of the flight path followed during aerial surveys of manatee distribution in Atlantic Coast and 
Intracoastal Waterway Florida (study 1, St. Johns, Flagler, and Volusia counties; n = 46 surveys) from March 1991 to 
November 1993 (FTNE data set).
surveys averaged 5.0 hours of flight time (Table 
2; Map 4). The survey on January 28, 1994, was 
terminated midway because of poor weather and 
was omitted from analysis and the GIS data set. 
We conducted surveys twice each month except 
for July 1993, December 1993, January 1994, and 
March 1994, (one each), and April 1994 (three).
The route covered the western half of Duval 
County, with emphasis on the many tributaries 
of the St. Johns River, and extended south into 
St. Johns and Clay counties to Black Creek. 
The survey route included the Trout, Ribault, 
Arlington, Cedar, and Ortega rivers; Pottsburg, 
Black, Durbin, and Julington creeks; Doctors 
Lake; and portions of the St. Johns River between 
the tributaries, from the Trout River to Green 
Cove Springs (Map 4). Observed manatees were 
recorded as being in a tributary system if they 
were located either in the tributary or in the 
confluence of the tributary and the St. Johns 
River (within 1 km of the mouth of the tributary). 
The survey route was modified in October 1993 
to include three warm-water discharges: the 
JEA Kennedy and Southside power plants, and 
the Jefferson Smurfit Corporation Talleyrand 
paper mill in the St. Johns River in downtown 
Jacksonville.
STUDY 3: MIDDLE ST. JOHNS RIVER
Study 3 surveys were similar to surveys by 
Kinnaird (1985). Twenty-five twice-monthly 
surveys that averaged 4.3 hours of flight time 
were conducted for one year, from June 29, 
1994, to June 28, 1995 (Table 3; Map 5; FWC, 
2000 [data set AMSJT94]). Each month had two 
surveys except June, which had three (one in 
1994 and two in 1995); November 1994, which 
had one; and December 1994, which had three. 
The waters of the St. Johns River in Duval, Clay, 
St. Johns, and Putnam counties were surveyed 
from the southwestern portion of Duval County 
(Interstate 295 Buckman Bridge) south to the 
Cross-Florida Barge Canal, which is south of 
Palatka and Little Lake George. The survey route 
was modified in August 1994 to extend farther 
south to Buzzards Point in Putnam County. The 
study area included Doctors Lake; Julington, 
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Table 1  Summary of aerial survey dates (n = 46 surveys, 
AMNE data set) and manatee counts, study area 1: Atlantic 
Coast and Intracoastal Waterway, March 1991 to November 
1993, St. Johns, Flagler, and Volusia counties, Florida.
.
the Guana River, Anastasia, N rth Peninsula,To oka,
and Spruce Creek tate parks; Canaveral National
Seashore; Merritt Island National Wildlife Refuge; and
the Kennedy Space Center.
The study area was subdivided into six zones (3–8)
for analysis (Map 3). For comparative purposes, the
zones were the same as those defined by Kinnaird
(1985; 8 zones). However, this study did not survey he
zones 1, 2, and a portion of 3 (from Kings Bay, Geor-
gia, to the J. Butler Bridge). Zones were defined as fol-
lows (SJ = St. Johns County, FL = Flagler County,VO =
Volusia County):
Zone 3—Highway 202 J.Turner Butler Bridge south to
the Highway 210 Palm Valley Bridge (SJ);
Zone 4—Highway 210 P lm Valley Bridge to the High-
way A1A Vilano Beach Bridge (SJ);
Zone 5—Highway A1A Vilano Beach Bridge to the
Highway 206 Crescent Beach Bridge (SJ);
Zone 6—Highway 206 Crescent Beach Bridge to the
Highway 100 Flagler Beach Bridge (SJ, FL);
Zone 7—Highway 100 Flagler Beach Bridge to the
Highway A1A Port Orange Bridge (FL,VO); and
Zone 8—Highway A1A Por  Orange Bridge to the
Volusia–Brevard county line (VO).
STUDY 2: LOWER ST. JOHNS RIVER
Study 2 surveys were similar to surveys by Kinnaird
(1985) and Valade (1991). Twenty-one twice-monthly
aerial surveys were conducted for ne year, from M y
20, 1993, to May 27, 1994 (FWC, 2000 [data sets AMSJT,
FTSJT]); the surveys averaged 5.0 hours of flight time
(Table 2; Map 4). The survey on January 28, 1994, was
terminated midway because of poor weather and was
omitte  from analysis and the GIS data et. We con-
ducted surveys twice each month except for July 1993,
December 1993, January 1994, and March 1994, (one
each), and April 1994 (three).
The route covered the western half of Duval
County, with emphasis on the many tributaries of the
St. Johns River, and extended south into St. Johns and
Clay counties to Black Creek. T e survey route in-
cluded the Trout, Ribault, Arlington, Cedar, and Ortega
rivers; Pottsburg, Black, Durbin, and Julington creeks;
Doctors Lake; and portions of the St. Johns River be-
tween the tributaries, from the Trout River to Green
Cove Springs (Map 4). Observed manatees were
recorded as being in a tributary system if they were lo-
cated either in the trib tary or in the confluence of the
tributary and the St. Johns River (within 1 km of the
mouth of the tributary).The survey route was modified
in October 1993 to include three warm-water dis-
charges: the JEA Kennedy and Southside power plants,
and the Jefferson Smurfit Corporation Talleyrand paper
mill in the St. Johns Riv r in downtown Jacksonville.
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Table 1 Summary of aerial survey dates (n = 46 surveys,
AMNE data set) and manatee counts, study area 1: Intra-
coastal Waterway and Atlantic Coast, March 1991 to No-
vember 1993, St. Johns, Flagler, and Volusia counties, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
11 Mar 91 3 1 4 25.0 Spring
08 Apr 91 10 0 10 0.0 Spring
09 May 91 29 1 30 3.3 Spring
28 May 91 38 3 41 7.3 Spring
14 Jun 91 50 4 54 7.4 Summer
12 Aug 91 20 3 23 13.0 Summer
26 Aug 91 15 0 15 0.0 Summer
09 Sep 91 18 2 20 10.0 Fall
23 Sep 91 14 3 17 17.6 Fall
07 Oct 91 10 1 11 9.1 Fall
31 Oct 91 4 2 6 33.3 Fall
07 Nov 91 6 1 7 14.3 Fall
06 Dec 91 0 0 0 – Winter
30 Dec 91 0 0 0 – Winter
18 Jan 92 0 0 0 – Winter
02 Feb 92 0 0 0 – Winter
20 Feb 92 0 0 0 – Winter
09 Mar 92 4 2 6 33.3 Spring
14 Mar 92 9 2 11 18.2 Spring
06 Apr 92 11 0 11 0.0 Spring
17 Apr 92 12 0 12 0.0 Spring
04 May 92 30 6 36 16.7 Spring
18 May 92 33 3 36 8.3 Spring
06 Jun 92 19 3 22 13.6 Summer
21 Jul 92 26 2 28 7.1 Summer
27 Jul 92 27 0 27 0.0 Summer
14 Dec 92 0 0 0 – Winter
7  Jan  93 0 0 0 – Winter
19 Jan 93 0 0 0 – Winter
04 Feb 93 0 0 0 – Winter
15 Feb 93 0 0 0 – Winter
29 Mar 93 18 1 19 5.3 Spring
07 Apr 93 17 0 17 0.0 Spring
26 Apr 93 26 1 27 3.7 Spring
18 May 93 35 4 39 10.3 Spring
25 May 93 40 2 42 4.8 Spring
16 Jun 93 30 3 33 9.1 Summer
29 Jun 93 21 1 22 4.5 Summer
10 Aug 93 19 2 21 9.5 Summer
23 Aug 93 25 1 26 3.8 Summer
08 Sep 93 33 2 35 5.7 Fall
22 Sep 93 20 4 24 16.7 Fall
14 Oct 93 4 0 4 0.0 Fall
21 Oct 93 9 1 10 10.0 Fall
15 Nov 93 23 1 24 4.2 Fall
30 Nov 93 5 0 5 0.0 Fall
Total 713 62 775 9.0
.
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STUDY 3: MIDDLE ST. JOHNS RIVER
Study 3 surveys were similar to surveys by Kinnaird
(1985).Twenty-five twice-monthly surveys that averaged
4.3 hours of flight time were conducted for one year,
from June 29, 1994, to June 28, 1995 (Table 3; Map 5;
FWC, 2000 [data set AMSJT94]). Each month had two
surveys except June, which had three (one in 1994 and
two in 1995); November 1994, which had one; and De-
cember 1994, which had three. The waters of the St.
Johns River in Duval, Clay, St. Johns, and Putnam coun-
ties were surveyed from the southwestern portion of
Duval County (Interstate 295 Buckman Bridge) south
to the Cross-Florida Barge Canal, which is south of
Palatka and Little Lake George.The survey route was
modified in August 1994 to extend farther south to
Buzzards Point in Putnam County. The study area in-
cluded Doctors Lake; Julington, Durbin, Black, Trout,
Six-Mile, Deep, and Rice creeks; the Cross-Florida
Barge Canal; and creeks and waterways around the
Seven Sisters Islands and Murphy Islands.
Aerial Survey Protocols
Studies 1 and 3 were made in a Cessna 172 airplane via
the standard manatee aerial-survey protocols described
in Chapter 2 of this volume. In study 3, one observer
occupied the left front seat on 17 flights. On the re-
maining eight flights, the observer occupied the right
front seat, and the survey route was reversed.
Surveys in study 2 were conducted in a Robinson
Beta 22 helicopter, following similar aerial-survey pro-
cedures used in studies 1 and 3. In addition, the route
of the first flight in study 2 (May 20, 1993) was also cov-
ered by airplane for comparison. Helicopter flights
were flown at an altitude of 90–150 m and at an airspeed
of 75–110 km/hr.The slower air speed and greater ma-
neuverability of the helicopter proved to be a better
platform for viewing this route’s tributaries, which
have winding waterways, overhanging trees, floating
Table 3 Sum ary of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and manatee counts, study area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Johns, Clay, and Putnam counties, Florida.
Manate s %
Date Adults Calves Total Calves Quarter
29 Jun 94 72 4 76 5.3 Summer
07 Jul 94 67 3 70 4.3 Summer
19 Jul 94 116 8 124 6.5 Summer
04 Aug 94 92 3 95 3.2 Summer
24 Aug 94 50 2 52 3.8 Summer
14 Sep 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
19 Oct 94 76 3 79 3.8 Fall
26 Oct 94 47 1 48 2.1 Fall
09 N v 94 52 2 54 3.7 Fall
01 Dec 94 12 0 12 0.0 Winter
07 Dec 94 4 0 4 0.0 Winter
28 Dec 94 0 0 0 – Winter
11 Jan 95 0 0 0 – Winter
21 Jan 95 0 0 0 – Winter
10 Feb 95 4 0 4 0.0 Winter
24 Feb 95 1 0 1 0.0 Winter
13 Mar 95 0 0 0 – Spring
29 Mar 95 5 0 5 0.0 Spring
10 Apr 95 31 0 31 0.0 Spring
26 Apr 95 25 2 27 7.4 Spring
03 May 95 35 3 38 7.9 Spring
24 May 95 40 3 43 7.0 Spring
09 Jun 95 83 7 90 7.8 Summer
28 Jun 95 82 3 85 3.5 Summer
Total 1,045 49 1,094 4.5
Table 2 Summary of aerial survey dates (n = 21 surveys,
AMSJT data set) and manatee counts, study area 2: Lower
St. Johns River and tributaries, May 1993 to May 1994,
Duval County, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Summer
29 Jun 93 27 1 28 3.6 Summer
23 Jul 93 43 2 45 4.4 Summer
16 Aug 93 45 2 47 4.3 Summer
27 Aug 93 15 3 18 16.7 Summer
10 Sep 93 24 2 26 7.7 Fall
30 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 71 14.1 Fall
27 Oct 93 59 11 70 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 1 9 11.1 Fall
16 Dec 93 1 0 1 0.0 Winter
12 Jan 94 0 0 0 – Winter
09 Feb 94 0 0 0 – Winter
25 Feb 94 1 0 1 0.0 Winter
14 Mar 94 1 1 2 50.0 Spring
01 Apr 94 11 1 12 8.3 Spring
18 Apr 94 86 4 90 4.4 Spring
27 Apr 94 61 5 66 7.6 Spring
27 May 94 96 6 1 2 5.9 Spring
Total 789 70 859 8.1
.
the Guana River, Anastasia, North Peninsula,Tomoka,
and Spruce Creek state parks; Canaveral National
Seashore; Merritt Island National Wildlife Refuge; and
the Kennedy Space Center.
The stu y rea was subdivided into six zones (3–8)
for analysis (Map 3). For comparative purposes, the
zones were the same as those defined by Kinnaird
(1985; 8 zones). However, this study did not survey her
zones 1, 2, and a portion of 3 (from Kings Bay, Geor-
gia, to the J. Butler Bridge). Zones were defined as fol-
lows (SJ = St. Johns County, FL = Flagler County,VO =
Volusia County):
Zone 3—Highway 202 J.Turner Butler Bridge south to
the Highway 210 Palm Valley Bridge (SJ);
Zone 4—Highway 210 Palm Valley Bridge to the High-
way A1A Vilano Beach Bridge (SJ);
Zone 5—Highway A1A Vilano Beach Bridge to the
Highway 206 Crescent Beach Bridge (SJ);
Zone 6—Highway 206 Crescent Beach Bridge to the
Highway 100 Flagler Beach Bridge (SJ, FL);
Zone 7—Highway 100 Flagler Beach Bridge to the
Highway A1A Port Orange Bridge (FL,VO); and
Zone 8—Highway A1A Port Orange Bridge to the
Volusia–Brevard county line (VO).
STUDY 2: LOWER ST. JOHNS RIVER
Study 2 surveys were similar to surveys by Kinnaird
(1985) and Valade (1991). Twenty-one twice-monthly
aerial surveys were conducted for one year, from May
20, 1993, to May 27, 1994 (FWC, 2000 [data s ts AMSJT,
FTSJT]); the surveys averaged 5.0 hours of flight time
(Table 2; Map 4). The survey on January 28, 1994, was
terminated midway because of poor weather and was
omitted from analysis and the GIS data set. We con-
ducted surveys twice each month except for July 1993,
December 1993, January 1994, and March 1994, (one
each), and April 1994 (three).
The route covered the western half of Duval
County, with emphasis on the many tributaries of the
St. Johns River, and extended south into St. Johns and
Clay counties to Black Creek. The survey route in-
cluded the Trout, Ribault, Arlington, Cedar, and Ortega
rivers; Pottsburg, Black, Durbin, and Julington creeks;
Doctors Lake; and portions of the St. Johns River be-
tween the tributaries, from the Trout River to Green
Cove Springs (Map 4). Observed manatees were
recorded as being in a tributary system if they were lo-
cated either in the tributary or in the confluence of the
tributary and the St. Johns River (within 1 km of the
mouth of the tributary).The survey route was modified
in October 1993 to include three warm-water dis-
charges: the JEA Kennedy and Southside power plants,
and the Jefferson Smurfit Corporation Talleyrand paper
mill in the St. Johns River in downtown Jacksonville.
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Table 1 Summary of aerial survey dates (n = 46 surveys,
AMNE data set) and manatee counts, study area 1: Intra-
coastal Waterway and Atlantic Coast, March 1991 to No-
vember 1993, St. Johns, Flagler, and Volusia counties, Florida.
anatees %
Date Adults Calves Total Calves Quarter
11 Mar 1 3 1 4 25.0 Spri g
8 Apr 1 10 0 10 0 0
09 y 1 2 1 30 3 3
28 May 1 38 3 4 7 3
4 Jun 1 50 4 54 7 4 ummer
12 Aug 1 2 3 23 3 0 ummer
26 Aug 1 15 0 15 0 0 ummer
9 Sep 1 8 2 0 0 0 Fall
3 Sep 1 14 3 17 1 Fall
0 Oct 1 10 1 11 9 1 Fall
31 Oct 1 4 2 6 33.3 Fall
07 Nov 1 6 1 7 14.3 Fall
06 Dec 1
30 Dec 1
18 Jan 92 0 0 0 – inter
02 Feb 92 0 0 0 – Winter
20 Feb 92 0 0 0 – Winter
09 Mar 92 4 2 6 33.3 Spring
14 ar 92 9 2 11 18.2 Spring
06 Apr 92 11 0 11 0.0 Spring
17 Apr 92 12 0 12 0.0 Spring
04 May 92 30 6 36 16.7 Spring
18 May 92 33 3 36 8.3 Spring
06 Jun 92 19 3 22 13.6 Su er
21 Jul 92 26 2 28 7.1 Summer
27 Jul 92 27 0 27 0.0 Summer
14 Dec 92 0 0 0 – Winter
7  Jan  93 0 0 0 – Winter
19 Jan 93 0 0 0 – Winter
04 Feb 93 0 0 0 – Winter
15 Feb 93 0 0 0 – Winter
29 Mar 93 18 1 19 5.3 Spring
07 Apr 93 17 0 17 0.0 Spring
26 Apr 93 26 1 27 3.7 Spring
18 May 93 35 4 39 10.3 Spring
25 May 93 40 2 42 4.8 Spring
16 Jun 93 30 3 33 9.1 Summer
29 Jun 93 21 1 22 4.5 Summer
10 Aug 93 19 2 21 9.5 Summer
23 Aug 93 25 1 26 3. Summer
08 Sep 93 33 2 35 5.7 Fall
22 Sep 93 20 4 24 16.7 Fall
14 Oct 93 4 0 4 0.0 Fall
21 Oct 93 9 1 10 10.0 Fall
15 Nov 93 23 1 24 4.2 Fall
30 Nov 93 5 0 5 0.0 Fall
Total 713 62 775 9.0
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Map 3  Six zones used in spatial analysis of aerial surveys of manatee distribution conducted from March 1991 to 
November 1993 in Atlantic Coast and Intracoastal Waterway Florida (study 1, St. Johns, Flagler, Volusia counties; n = 
46 surveys).
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Map 4  Flight path followed during aerial surveys of manatee distribution in lower St. Johns River and its tributaries 
(study 2, Duval, St. Johns, and Clay counties; n = 21 surveys) from May 1993 to May 1994 (FTSJT data set).
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Map 5  Flight path followed during aerial surveys of manatee distribution in middle St. Johns River (study 3, Duval, St. 
Johns, Clay, and Putnam counties; n = 25 surveys) from June 1994 to June 1995 (FTSJT94 data set).
Durbin, Black, Trout, Six-Mile, Deep, and Rice 
creeks; the Cross-Florida Barge Canal; and creeks 
and waterways around the Seven Sisters Islands 
and Murphy Islands.
Aerial Survey Protocols
Studies 1 and 3 were made in a Cessna 172 
airplane via the standard manatee aerial-survey 
protocols described in Chapter 2 of this volume. 
In study 3, one observer occupied the left front 
seat on 17 flights. On the remaining eight flights, 
the observer occupied the right front seat, and 
the survey route was reversed. 
Surveys in study 2 were conducted in a Robinson 
Beta 22 helicopter, following similar aerial-
survey procedures used in studies 1 and 3. In 
addition, the route of the first flight in study 
2 (May 20, 1993) was also covered by airplane 
for comparison. Helicopter flights were flown 
at an altitude of 90–150 m and at an airspeed of 
75–110 km/hr. The slower air speed and greater 
maneuverability of the helicopter proved to 
be a better platform for viewing this route’s 
tributaries, which have winding waterways, 
overhanging trees, floating vegetation, poor 
water clarity, developed areas, and airspace 
congestion. Sightings of bottlenose dolphins 
were recorded during all three studies; however, 
dolphin data are not presented in this report. 
Data Analysis
Survey data were analyzed by season. 
Differences in mean counts were analyzed 
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Table 2  Summary of aerial survey dates (n = 21 surveys,
AMSJT data set) and manatee counts, study area 2: Lower
St. Johns River and tributaries, May 1993 to May 1994,
Duval, St. Johns and Clay Counties, Florida.
Table 3  Summary of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and manatee counts, study area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Johns, Clay, and Putnam counties, Florida.
.
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STUDY 3: MIDDLE ST. JOHNS RIVER
Study 3 surveys were similar to surveys by Kinnaird
(1985).Twenty-five twice-monthly surveys that averaged
4.3 hours of flight time were conducted for one year,
from June 29, 1994, to June 28, 1995 (Table 3; Map 5;
FWC, 2000 [data set AMSJT94]). Each month had two
surveys except June, which had three (one in 1994 and
two in 1995); November 1994, which had one; and De-
cember 1994, which had three. The waters of the St.
Johns River in Duval, Clay, St. Johns, and Putnam coun-
ties were surveyed from the southwestern portion of
Duval County (Interstate 295 Buckman Bridge) south
to the Cross-Florida Barge Canal, which is south of
Palatka and Li tle L ke Geo g .The survey route was
modified in August 1994 to extend farther south to
Buzzards Point in Putnam County. The study area in-
cluded Doctors Lake; Julington, Durbin, Black, Trout,
Six-Mile, Deep, and Rice creeks; the Cross-Florida
Barge Canal; and creeks and waterways around the
Seven Sisters Islands and Murphy Islands.
Aerial Survey Protocols
Studies 1 and 3 were made in a Cessna 172 airplane via
the standard manatee aerial-survey protocols described
in Chapter 2 of this volume. In study 3, one observer
occupi d the left front seat on 17 flights. On th  re-
maining eight flights, the observer occupied the right
front seat, and the survey route was reversed.
Surveys in study 2 were conducted in a Robinson
Beta 22 helicopter, following similar aerial-survey pro-
cedures used in studies 1 and 3. In addition, the route
of th  first flight in study 2 (May 20, 1993) was also cov-
ered by airplane for comparison. Helicopte  fligh s
were flown at an altitude of 90–150 m and at an airspeed
of 75–110 km/hr.The slower air speed and greater ma-
neuverability of the helicopter proved to be a better
platform for viewing this route’s tributaries, which
have winding waterways, overhanging trees, floating
Table 3 Summary of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and manatee counts, study area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Johns, Clay, and Putnam counties, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
29 Jun 94 72 4 76 5.3 Summer
07 Jul 94 67 3 70 4.3 Summer
19 Jul 94 116 8 124 6.5 Summer
04 Aug 94 92 3 95 3.2 Summer
24 Aug 94 50 2 52 3.8 Summer
14 Sep 94 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
19 Oct 94 76 3 79 3.8 Fall
26 Oct 94 47 1 48 2.1 Fall
09 Nov 94 52 2 54 3.7 Fall
01 Dec 94 12 0 12 0.0 Winter
07 Dec 94 4 0 4 0.0 Winter
28 Dec 94 0 0 0 – Winter
11 Jan 95 0 0 0 – Winter
21 Jan 95 0 0 0 – Winter
10 Feb 95 4 0 4 0.0 Winter
24 Feb 95 1 0 1 0.0 Winter
13 Mar 95 0 0 0 – Spring
29 Mar 95 5 0 5 0.0 Spring
10 Apr 95 31 0 31 0.0 Spring
26 Apr 95 25 2 27 7.4 Spring
03 May 95 35 3 38 7.9 Spring
24 May 95 40 3 43 7.0 Spring
09 Jun 95 83 7 90 7.8 Summer
28 Jun 95 82 3 85 3.5 Summer
Total 1,045 49 1,094 4.5
Table 2 Summary of aerial survey dates (n = 21 surveys,
AMSJT data set) and manatee counts, study area 2: Lower
St. Johns River and tributaries, May 1993 to May 1994,
Duval County, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Summer
29 Jun 93 27 1 28 3.6 Summer
23 Jul 93 43 2 45 4.4 Summer
16 Aug 93 45 2 47 4.3 Summer
27 Aug 93 15 3 18 16.7 Summer
10 Sep 93 24 2 26 7.7 Fall
30 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 71 14.1 Fall
27 Oct 93 59 11 70 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 1 9 11.1 Fall
16 Dec 93 1 0 1 0.0 Winter
12 Jan 94 0 0 0 – Winter
09 Feb 94 0 0 0 – Winter
25 Feb 94 1 0 1 0.0 Winter
14 Mar 94 1 1 2 50.0 Spring
01 Apr 94 11 1 12 8.3 Spring
18 Apr 94 86 4 90 4.4 Spring
27 Apr 94 61 5 66 7.6 Spring
27 May 94 96 6 102 5.9 Spring
Total 789 70 859 8.1
.
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STUDY 3: MID LE ST. JOHNS RIVER
Study 3 surveys were sim lar to surveys by Kinnaird
(1985).Twenty-five twice-monthly surveys that veraged
4.3 hours of flight time were conducted for ne year,
from June 29, 1994, to June 28, 1995 (Table 3; Map 5;
FWC, 200  [data set AMSJT94]). Each month had two
surveys except June, which had three (one i 1994 and
two in 1995); Nov mber 1994, which had one; nd De-
cember 1994, which ad three. The waters of the St.
Johns River in Duval, Clay, St. Johns, and Putnam coun-
ties were survey d from the southwest rn portion of
Duval County (Interstate 295 Buckman Bridge) south
to the Cross-Florida Barge Can l, which is south of
Palatka and Little Lake George.The survey route was
modified in Aug st 1994 to extend farther south to
Buzzards Point in Putnam County. The study area in-
clude  Doctors Lake; Julington, Durbin, Black, Trout,
Six-Mile, Deep, and Ric  creeks; the Cross-Florida
Barge Can l; and cr eks and waterways around the
Sev n Sisters I lands and Murphy Islands.
Aerial Survey Prot cols
Studies 1 and 3 were made in a Cessna 172 airplane via
the standard man tee a rial-survey protoc ls described
in Chapter 2 of this volume. In study 3, one obs rver
occupied the l ft front seat on 17 flights. On the re-
maining eight flights, he observer occupied the right
front seat, and the survey route was rev rsed.
Surveys in study 2 were conducted in a Robinson
Beta 22 helicopter, foll wing sim lar erial-survey pro-
cedures u ed in studies 1 and 3. In addition, the route
of the first flight in study 2 (M y 20, 1993) was lso c v-
ered by airplane fo  compa ison. Helicopter flights
were flown at n ltitude of 90–150 m and at n irspeed
of 75–110 km/hr.The slower air speed and greater ma-
neuverability of the helicopter proved to be a bett r
platform for viewing this route’s tributaries, which
have winding waterways, overhanging trees, floating
Table 3 Summary of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and man tee counts, tudy area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Johns, Clay, and Putnam counties, Florida.
Man tees %
Date Adults Calves Total Calves Quarter
29 Jun 94 72 4 76 5.3 Sum er
07 Jul 94 67 3 70 4.3 Sum er
19 Jul 94 116 8 124 6.5 Sum er
04 Aug 94 92 3 95 3.2 Sum er
24 Aug 94 50 2 52 3.8 Sum er
14 Sep 94 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
19 Oct 94 76 3 79 3.8 Fall
26 Oct 94 47 1 48 2.1 Fall
09 Nov 94 52 2 54 3.7 Fall
01 Dec 94 12 0 12 0.0 Winter
07 Dec 94 4 0 4 0.0 Winter
28 Dec 94 0 0 0 – Winter
11 Jan 95 0 0 0 – Winter
21 Jan 95 0 0 0 – Winter
10 Feb 95 4 0 4 0.0 Winter
24 Feb 95 1 0 1 0.0 Winter
13 Mar 95 0 0 0 – Spring
29 Mar 95 5 0 5 0.0 Spring
10 Apr 95 31 0 31 0.0 Spring
26 Apr 95 25 2 27 7.4 Spring
03 May 95 35 3 38 7.9 Spring
24 May 95 40 3 43 7.0 Spring
09 Jun 95 83 7 90 7.8 Sum er
28 Jun 95 82 3 85 3.5 Sum er
Total 1,045 49 1,094 4.5
Table 2 Summary of aerial survey dates (n = 21 surveys,
AMSJT data set) and man tee counts, study are  2: Lower
St. Johns River and tributaries, May 1993 to May 1994,
Duval County, Florida.
Man tees %
Date Adults Calves Total Calves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Sum er
29 Jun 93 27 1 28 3.6 Sum er
23 Jul 93 43 2 45 4.4 Sum er
16 Aug 93 45 2 47 4.3 Sum er
27 Aug 93 15 3 18 16.7 Sum er
10 Sep 93 24 2 26 7.7 Fall
30 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 71 14. Fall
27 Oct 93 59 11 70 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 1 9 11. Fall
16 Dec 93 1 0 1 0.0 Winter
12 Jan 94 0 0 0 – Winter
09 Feb 94 0 0 0 – Winter
25 Feb 94 1 0 1 0.0 Winter
14 Mar 94 1 1 2 50.0 Spring
01 Apr 94 11 1 12 8.3 Spring
18 Apr 94 86 4 90 4.4 Spring
27 Apr 94 61 5 66 7.6 Spring
27 May 94 96 6 102 5.9 Spring
Total 789 70 859 8.1
.
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STU Y 3: MIDDLE ST. JOHNS RIVER
St dy 3 survey  were similar to surveys by Kinnaird
(1985).Tw ty five twice-monthl  sur ys that averag d
4.3 hours of flight time wer  conduct d fo  one year,
from June 29, 1994, to June 28, 1995 (T ble 3; Map 5;
FWC, 2000 [data set AMSJT94]). Eac mon h had two
surv ys exc pt June, w ic had three (one in 1994 and
two in 1995); November 1994, which had one; and De-
cember 1994, whic  had t ree. The wa ers of the St.
Johns River in Duval, Clay, St. Johns, and Putnam coun-
tie  were surveyed from t e southwestern p rtion of
Duval County (Interstate 295 uckman Bridge) south
to the Cross-Florida B rge Canal, which is south of
Palatka and Littl  Lake George.The surv y route was
modified in Augus  1994 to ext nd farther south to
Buzzards Point in Put am County. Th  study area in-
cluded Doctors Lake; Julington, Durbin, Black, Tr ut,
Six-Mile, Deep, and Rice cre ks; the Cross-Florida
B rge Canal; and creeks and w terways around the
ev n Sisters Islands and Murphy Islands.
Aerial Survey Protocols
Studies 1 and 3 were mad  in a Cessn  172 airplane via
the st dard m natee a rial-survey protocols described
in Chapter 2 f t is volume. In study 3, one observer
occupied the left front seat on 17 fligh s. On the re-
ma nin  eight flights, the bserver occupied the right
front seat, and the surv y rout  wa  reversed.
Surve s in study 2 wer  co ducted in a Robinson
B ta 22 helic pter, follow ng s m lar a rial-survey pro-
c ure  se  n studies 1 and 3. In addition, he route
of he first flight in stud  (May 20, 1993) was also cov-
e e  by irplane for comparis n. H licopter flights
ere flown a  an altitude of 90–150 m and at an airspeed
of 75–110 km/hr.The slower ir spe d and greater ma-
neuverability of the h licopt r prov d to be a better
platform for viewing this ro e’s tributaries, which
have winding waterways, overhanging rees, floating
Table 3 Summ y of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and ma atee co nts, study area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Joh s, Clay, and Pu nam c unt es, Florida.
Manatees %
Date Adults C ves Total Calves Quarter
2 Jun 94 72 4 76 5.3 Summer
07 Jul 94 67 3 70 4.3 Summer
1 Jul 94 116 8 124 6.5 Summer
04 Aug 94 92 3 95 3.2 Summer
24 Aug 94 50 2 52 3.8 Summer
14 Sep 94 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
1 Oct 94 76 3 79 3.8 Fall
26 Oct 94 47 1 48 2.1 Fall
0 Nov 94 5 2 54 3.7 Fall
01 Dec 94 12 0 12 0.0 Winter
07 Dec 94 4 0 4 0.0 Winter
28 Dec 94 0 0 – Winter
11 Jan 95 0 0 – Winter
21 Jan 95 0 0 – Winter
10 Feb 95 4 0 4 0.0 Winter
24 Feb 95 1 0 1 0.0 Winter
13 Mar 95 0 0 – Spring
2 Mar 95 5 0 5 0.0 Spring
10 Apr 95 31 0 31 0.0 Spring
26 Apr 95 25 27 7.4 Spring
03 May 95 35 38 7.9 Spring
24 May 95 40 3 43 7.0 Spring
0 Jun 95 83 7 90 7.8 Summer
28 Jun 95 82 3 85 3.5 Summer
Total 1,0 5 1,094 4.5
Table 2 Summ y of aerial survey dates (n = 21 surveys,
AMSJT d ta set) and manatee counts, study area 2: Lower
St. Joh s River nd tributaries, May 1993 to May 1994,
D val County, Florida.
Manatees %
Date Adults C ves Total Calves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Summer
2 Jun 93 27 1 28 3.6 Summer
23 Jul 93 43 2 5 4.4 Summer
16 Aug 93 45 2 47 4.3 Summer
27 Aug 93 15 3 8 16.7 Summer
10 Sep 93 24 2 26 7.7 Fall
0 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 71 14.1 Fall
27 Oct 93 59 11 0 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 1 9 11.1 Fall
16 Dec 93 1 0 1 0.0 Winter
12 Jan 94 0 0 – Winter
0 Feb 94 0 0 – Winter
25 Feb 94 1 0 1 0.0 Winter
14 Mar 94 1 2 50.0 Spring
01 Apr 94 1 1 12 8.3 Spring
18 Apr 94 86 4 90 4.4 Spring
27 Apr 94 61 5 6 7.6 Spring
27 May 94 9 6 102 5.9 Spring
Total 789 70 59 8.1
.
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STUDY 3: MIDDLE ST. JOHNS RIVER
Study 3 surveys wer  similar to surveys by Kinnaird
(1985).Twe ty-five twice-monthly surv ys that averaged
4.3 hours of flight time were conducted for one year,
from June 29, 1994, to June 28, 199  (Table 3; Map 5;
FWC, 2000 [data se  AMSJT94]). Eac  mo th had two
surveys xcept June, which had three (one 1994 and
two in 19 5); Nov mber 1994, which had one; and De-
cember 1994, which ad three. The waters of the St.
Johns River i  Duv l, Clay, St. Johns, and Putnam coun-
tie  were surveyed fr m the southwestern port on of
Duval County (Interstate 295 Buckman Bridge) south
to the Cross-Florida Barge Canal, which is outh of
Pal tka and Little Lak  George.The survey route was
modified in Augu t 1994 to ext n  fart  south to
Buzzards Poin in Putnam County. The study are  i -
cluded Doc rs Lake; Juling on, D rbin, Black, Trout,
Six-Mile, Deep, a Rice creeks; th  C oss-Florida
Barge C nal; nd c eeks and wa erways around th
Seven Sister  Islands and Murp y Islands.
Aerial Survey Protocols
Studies 1 a d 3 were m d  n a C ssna 172 airplane via
th  st ndard manat e aerial-survey protocols described
in C apter 2 of his olume. In study 3, one observer
occup d the left fro t at on 17 flights. On the re-
maining ight flights, the observer occupied the right
front s t, and the sur y route was reversed.
Surveys in st dy 2 were conducted in a Robinson
Beta 22 helicopter, following similar aerial-survey pro-
ce ures use  n stu ies 1 and 3. In addition, the route
of the first flight in study 2 (May 20, 1993) was also cov-
ered by airplane for compa ison. Helicopter flights
were flown at n ltitu e of 90–150 m and at an airspeed
of 75–110 km/hr.The slowe  ir speed and greater ma-
neuv abili y f the h licopter proved to be a better
platf rm fo  viewing this route’s tributaries, which
have winding waterw ys, overh nging trees, floating
T bl  3 Summary of aerial survey dates (n = 25 surveys,
AMSJT94 d a set) and m natee counts, study area 3:
Middle St. ohns River, June 1994 to June 1995, Duval, St.
J h , Clay, nd Putnam counties, Florida.
Manatees %
Date Adult C lves Tot l Calves Quarter
29 Jun 94 72 4 76 5.3 Summer
07 Jul 94 67 70 4.3 Summer
19 Jul 94 116 8 124 6.5 Summer
04 Aug 94 9 3 95 3.2 Summer
24 Aug 94 50 2 52 3.8 Summer
14 Sep 94 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
19 Oct 94 76 3 79 3.8 Fall
26 Oct 94 47 48 2.1 Fall
09 Nov 94 52 2 54 3.7 Fall
01 Dec 94 12 12 0.0 Winter
07 Dec 94 4 4 0.0 Winter
28 Dec 94 0 0 0 – Winter
11 Jan 95 0 0 0 – Winter
21 Jan 95 0 0 0 – Winter
10 Feb 95 4 4 0.0 Winter
24 Feb 95 1 1 0.0 Winter
13 Mar 95 0 0 0 – Spring
29 Mar 95 5 5 0.0 Spring
10 Apr 95 31 31 0.0 Spring
26 Apr 95 25 2 27 7.4 Spring
03 May 95 35 3 38 7.9 Spring
24 May 95 4 3 43 7.0 Spring
09 Jun 95 83 7 90 7.8 Summer
28 Jun 95 82 3 85 3.5 Summer
Total 1,0 49 1,094 4.5
T bl  2 Summary of aerial survey dates (n = 21 surveys,
AMSJT da a set) and man tee counts, study area 2: Low r
St. Johns River and tributaries, May 1993 to ay 1994,
Duval County, Florida.
Manatees %
Date Adult C lves Tot l C lves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Summer
29 Jun 93 27 1 28 3.6 Summer
23 Jul 93 43 2 45 4.4 Summer
16 Aug 93 45 2 47 4.3 Summer
27 Aug 93 15 3 18 16.7 Summer
10 Sep 93 24 2 26 7.7 Fall
30 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 71 14.1 Fall
27 Oct 93 59 11 70 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 9 11.1 Fall
16 Dec 93 1 1 0.0 Winter
12 Jan 94 0 0 0 – Wi ter
09 Feb 94 0 0 0 – Wi ter
25 Feb 94 1 1 0.0 Winter
14 Mar 94 1 1 2 50.0 Spring
01 Apr 94 11 1 12 8.3 Spring
18 Apr 94 86 90 4.4 Spring
27 Apr 94 61 5 66 7.6 Spring
27 May 94 96 6 102 5.9 Spring
Total 789 70 859 8.1
.
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rt st r  Fl rid
 : I  . J  I
t y 3 s rveys ere si ilar to s veys y i air
(1985). ent -five t ice- o t ly s rveys t at av rage
4.3 rs of flig t ti e ere co cte  for o e year,
fro  J e 29, 19 4, to J e 28, 1995 ( a le 3; a  5;
F , 2000 [ ata se  J 94]). ac  on  a  t o
s rv ys exc t J , ic  a  t ree (o e i  1994 a
t o i  19 5); v er 1994, ic  a  o e; a  e-
ce r 1994, ic h  t ree. e aters of t e .
Jo s iver in v l, lay, t. Jo s, a  t a  co -
ti s ere s rveye  f  t e so t ester  ortio  of
val o ty (I terstate 295 ck a  ri ge) so t
to t e ross-Flori a arge a al, ic  is so t of
al tka a  ittle ak eorge. e rvey ro te as
o ifi  i g st 1994 to exte d farther so t
zzar s oi t i  t  o ty. e st y are  in-
c e  oct rs ke; J li gto , r i , lac , ro t,
ix- ile, ,  ice creeks; t e ross-Flori a
arg  a al; a c eek  ater ays aro  t e
eve  ister  Isla s a  r hy Isla s.
ri l r  r t ls
t ies 1 a  3 e e a e i   ess a 172 air la e via
t e st  a atee aerial-s rvey rotocols escri e
i  a ter 2 of t is v l . I  st y 3, o e o server
occ ie  t e left fro t at o  17 flig ts.  t e re-
ai i g ig t flig ts, t e o server occ ie  t e rig t
fr t se t,  t  s r y ro te as reverse .
rv ys i  st y 2 ere c cte  i  a o i so
eta 22 elico ter, fol o i g si ila  aerial-s rvey ro-
ce res se i  st ies 1 a  3. I  a itio , t e ro te
of t e first flig t i  st y 2 ( ay 20, 1993) as also cov-
re  y air la e for co ariso . elico ter flig ts
ere flo  at a ltit de of 90–150  a  at a  airs ee
of 75–110 k / r. e slo e  ir s ee  a  greater a-
e vera ility f t e elico ter rove  to e a etter
latf r  for vi i g t s ro te’s tri taries, ic
ave i i g t r ays, over gi g trees, floati g
T l  3 Su ary of aerial survey dates (n  25 surveys,
SJ 94 data set) and anatee counts, study area 3:
iddle St. ohns iver, J ne 1994 to June 1995, uval, St.
Joh ay, nd Putna  counties, Florida.
t s
t ts lv s T t l lv s rt r
29 J 94 72 4 76 5.3 er
07 J l 94 67 70 4.3 er
19 J l 94 116 8 124 6.5 er
04 g 94 92 3 95 3.2 er
4 g 94 50 2 52 3.8 er
4 e 94 55 1 56 1.8 Fall
28 e 94 96 4 100 4.0 Fall
19 ct 94 76 3 79 3.8 Fall
26 ct 94 47 48 2.1 Fall
09 ov 94 52 2 54 3.7 Fall
1 ec 94 12 12 0.0 i ter
7 ec 94 4 4 0.0 i ter
28 ec 94 0 0 0 – i ter
11 Ja 95 0 0 0 – i ter
21 Ja 95 0 0 0 – i ter
10 Fe 95 4 4 0.0 i ter
24 Fe 95 1 1 0.0 i ter
13 ar 95 0 0 0 – ri g
29 ar 95 5 5 0.0 ri g
10 r 95 31 31 0.0 ri g
6 r 95 25 2 27 7.4 ri g
03 ay 95 35 3 38 7.9 ri g
24 ay 95 40 3 43 7.0 ri g
09 J 95 83 7 90 7.8 er
28 J 95 82 3 85 3.5 er
tal , , 4.5
T l  2 Su ary of aerial survey d tes (n  21 surveys,
SJ  data et) and anat  counts, study area 2: Lo er
St. Johns iver and tributaries, ay 1993 to ay 1994,
uval ounty, Florida.
t s
t ts lv s T t l alv s rt r
20 ay 93 64 5 69 7.2 ri g
21 J 93 88 5 93 5.4 er
29 J 93 27 1 28 3.6 er
3 J l 93 43 2 45 4.4 er
16 g 93 45 2 47 4.3 er
27 g 93 15 3 18 16.7 er
10 e 93 24 2 26 7.7 Fall
30 e 93 50 7 57 12.3 Fall
3 ct 93 6 10 71 14.1 Fall
27 ct 93 59 11 70 15.7 Fall
03 ov 93 48 4 52 7.7 Fall
7 ov 93 8 9 11.1 Fall
6 ec 93 1 1 0.0 i ter
12 Ja 94 0 0 0 – inter
9 Fe 94 0 0 0 – inter
25 Fe 94 1 1 0.0 i ter
4 ar 94 1 1 2 50.0 ri g
01 r 94 11 1 12 8.3 ri g
18 r 94 86 90 4.4 ri g
27 r 94 1 5 66 7.6 ri g
27 ay 94 96 6 102 5.9 ri g
tal 8.1
.
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STUDY 3: MIDDLE ST. JOHNS RIVER
Study 3 surveys were similar to surveys by Kinnaird
(1985).Twenty-five twice-monthly surveys that averaged
4.3 hours of flight time were conducted for one year,
from June 29, 1994, to June 28, 1995 (Table 3; Map 5;
FWC, 2000 [data set AMSJT94]). Each month had t o
surveys except June, which had three (one in 1994 a
two in 1995); November 1994, whic  had ne; and De-
cember 1994, which had three. The wat s of the St.
Johns River in Duval, Clay, St. Johns, and Putn m coun-
ties were surveyed from the southwe t rn ortion of
Duval County (Interstate 295 Buckman Bridge) south
to the Cross-Florida Barge Canal, which is sout  of
Palatka and Little Lake George.T e survey oute w s
modified in August 1994 to ext nd farth south t
Buzzards Point in Putnam County. The stud area i -
cluded Doctors Lake; Julington, Dur in, Black, Trout,
Six-Mile, Deep, and Rice creeks; he Cross-Flori a
Barge Canal; and creeks and waterways aro n  the
Seven Sisters Islands and Murphy Islan .
Aerial Survey Protocols
Studies 1 and 3 were made in a Cessna 172 airplane via
e stand rd manat e eri l- urvey protocols described
in Chapt r 2 of this olume. In stud  3, on  observe
occupie  th  left front s t  17 flights. On the re-
maini g eight flights, th  observer occupie  the right
front seat, and t e survey r ute as reve s .
Surveys in study  were conducted in a Ro in on
Beta 22 helic pt r, following similar erial-survey pro-
c dures used in studies 1 and 3. In add tion, e route
of t e fir t flight in study 2 (May 20, 1993) w s also cov-
r d by airplane for c mparison. H lico ter flights
were fl w  t a  altitud  of 90–150 and at an airspeed
of 75–110 km/hr.The slower ir spe  and gr ater ma-
n uverability of the h licopter proved t  be a be er
platform for viewing this route’s tributaries, wh ch
have windi g waterways, verha ging tre s, ating
Table 3 Summary of aerial survey dates (n = 25 surveys,
AMSJT94 data set) and manatee counts, study area 3:
Middle St. Johns River, June 1994 to June 1995, Duval, St.
Johns, Clay, and Putnam counties, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
29 Jun 94 72 4 76 5.3 Summer
07 Jul 94 67 3 70 4.3 Summer
19 Jul 94 116 8 124 6.5 Summer
04 Aug 94 92 3 95 3.2 Summer
24 Aug 94 50 2 5 3.8 Summer
14 Sep 94 55 1 56 1.8 Fall
28 Sep 94 96 4 100 4.0 Fall
19 Oct 9 76 3 79 3.8 Fall
26 Oct 9 47 1 48 2.1 Fall
09 Nov 94 52 2 54 3.7 Fall
01 Dec 94 12 0 1 0.0 Winter
07 Dec 94 4 0 4 0.0 Winter
28 Dec 9 0 0 0 – Winter
11 Jan 95 0 0 0 – Winter
21 Jan 95 0 0 0 – Winter
10 Feb 95 4 0 4 0.0 Winter
24 Feb 95 1 0 1 0.0 Winter
13 Mar 95 0 0 0 – Spring
29 Mar 95 5 0 5 0.0 Spring
10 Apr 95 31 0 3 .0 Spring
26 Apr 95 25 2 27 7.4 Spring
03 May 95 35 3 38 7. Spring
24 May 95 40 3 43 7.0 Spring
09 Jun 95 83 7 90 7.8 Summer
28 Jun 9 82 3 85 3.5 Summer
Total ,045 49 1,094 4.5
Table 2 Summary of aerial survey dates (n = 21 surveys,
AMSJT data set) and manatee counts, study area 2: Lower
St. Johns River and tributaries, May 1993 to May 1994,
Duval County, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
20 May 93 64 5 69 7.2 Spring
21 Jun 93 88 5 93 5.4 Summer
29 Jun 93 27 1 28 3.6 Summer
23 Jul 93 43 2 45 4.4 Summer
16 Aug 93 45 2 47 4.3 Summer
27 Aug 93 15 3 18 16.7 Summer
10 Sep 93 24 2 26 7.7 Fall
30 Sep 93 50 7 57 12.3 Fall
13 Oct 93 61 10 7 14.1 Fall
27 Oct 93 59 11 70 15.7 Fall
03 Nov 93 48 4 52 7.7 Fall
17 Nov 93 8 1 9 11.1 Fall
16 Dec 93 1 0 0.0 Winter
12 Jan 94 0 0 0 – Winter
09 Feb 94 0 0 0 – Winter
25 Feb 94 1 0 1 0.0 Winter
14 Mar 94 1 1 2 50.0 Spring
01 Apr 94 11 1 12 8.3 Spring
18 Apr 94 86 4 9 4.4 Spring
27 Apr 94 61 5 66 7.6 Spring
27 May 94 96 6 102 5. Sp ing
Total 789 70 859 8.1
using Analysis of Variance (ANOVA); however, 
a nonparametric procedure was used rather 
than the parametric ones used in other 
chapters. Because counts were low in winter 
and appeared not to be normally distributed, 
they were tested for normality using SAS Proc 
UNIVARIATE (SAS, 1990). Because counts 
were not normally distributed, the data were 
ranked and ANOVA was performed on the 
ranks to compare the number of manatees 
observed during the four seasons. The Tukey’s 
Studentized Range test was used to identify 
differences among means. Manatee behavior 
could not always be determined, but when 
information about behavior was available, we 
presented it as the number and percentage of 
all sightings of manatees with a given behavior, 
as defined in Chapter 2 of this volume. Chi-
squared contingency analysis was used to test 
for significant patterns in total counts, season by 
zone, behavior by zone, and behavior by season 
in study 1, and for behavior by season in studies 
2 and 3. For studies with no winter sightings, 
winter was dropped from the chi-squared 
analyses. Analyses were performed using SAS 
Procs FREQ, GLM, and RANK (SAS, 1990).
Results
Study Area
STUDY 1: ATLANTIC COAST AND 
INTRACOASTAL WATERWAY
A total of 775 manatees were observed in 411 
groups during 46 surveys, with an average of 
16.9 (SD = 14.2) manatees per survey (Tables 1, 4). 
A total of 713 (92.0%) were adults (x̄ = 15.5 adults 
per survey, SD = 13.2) and 62 (8.0%) were calves 
(x̄ = 1.4 calves per survey, SD = 1.5). Counts 
ranged from zero on 10 winter surveys to a high 
of 54 manatees observed on June 14, 1991 (Figure 
1). The number of calves ranged from zero to six 
per survey (0%–33% of the total count). 
Significantly more manatees were observed 
and counted during the warm season (March–
November, n = 36, x̄ = 21.5 manatees per survey, 
SD = 12.5, range 4–54) than in the cold season 
(December–February, n = 10, x̄ = 0 manatees per 
survey; ANOVA, P < 0.001; Table 4). No manatees 
were counted in the cold season during 10 
flights. Counts by months are shown in Figure 1. 
Sighting locations in the warm season are shown 
in Map 6.
There were significant differences in mean counts 
among quarters (ANOVA, df = 3, P < 0.001; Table 
4). Winter counts (December–February) were 
significantly lower than the other three seasons. 
Spring (March–May) (n = 15, x̄ = 22.7, SD = 13.7, 
range 4–42) and summer (June–August) (n = 10, 
x̄ = 27.1, SD = 10.6, range 15–54) means and 
spring and fall (September–November) (n = 11, 
x̄ = 14.8, SD = 10.0, 4–35) means were not 
significantly different, but the fall mean was 
significantly lower than the summer mean. 
Counts increased slowly from March to May, the 
highest month, then gradually declined through 
November.
Manatee distribution differed significantly in the 
six zones (ANOVA, P = 0.01). The breakdown 
of total counts by zone during the warm season 
is shown in Table 5. Zone 7 had 31.7% and zone 
8 had 48.7% of the manatees seen. The mean 
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Figure 1  Number of manatees observed per survey in the 
Atlantic Coast and Intracoastal Waterway study area (study 1, 
n = 46 surveys year-round), by month, March 1991 to November 
1993, St. Johns, Flagler, and Volusia counties, Florida (AMNE 
data set).
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Table 4  Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), for three study
areas, by season. Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
Study 1: Atlantic Coast and Intracoastal Waterway (n = 46 surveys, AMNE data set), March 1991 to November 1993, St.
Johns, Flagler, and Volusia counties, Florida. Study 2: Lower St. Johns River and tributaries (n = 21 surveys, AMSJT data
set), May 1993 to May 1994, Duval, St. Johns, and Clay counties, Florida. Study 3: Middle St. Johns River (n = 25 surveys,
AMSJT94 data set), June 1994 to June 1995, Duval, St. Johns, Clay, and Putnam counties, Florida.
.
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l  4 anat e aerial survey counts (mean, minimum, maximum, SD, median, and analy is of variance), for three study
re s,  se so . e  co ts th t are not significantly different have the sa e letter in the column titled Difference of Means.
Study 1: Intracoastal Waterway and Atlantic Coast (n = 46 surveys, AMNE data set), March 1991 to November 1993, St.
Johns, Flagler, and Volusia counties, Florida. Study 2: Lower St. Johns River and tributaries (n = 21 surveys, AMSJT data
set), May 1993 to May 1994, Duval, St. Johns, and Clay counties, Florida. Study 3: Middle St. Johns River (n = 25 surveys,
AMSJT94 data set), June 1994 to June 1995, Duval, St. Johns, Clay, and Putnam counties, Florida.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
STUDY 1
Total 46 16.9 0 54 14.2 16 – 8.0
Season
Warm (Mar.–Nov.) 36 21.5 4 54 12.5 21.5 A 9.0
Cold (Dec.–Feb.) 10 0.0 0 0 0.0 0 B –
r2 = 0.38, F = 26.27, df = 1,44, P < 0.0001
Quarter
Spring (Mar.–May) 15 22.7 4 42 13.7 19 A 9.1
Summer (Jun.–Aug.) 10 27.1 15 54 10.6 24.5 A 6.8
Fall (Sep.–Nov.) 11 14.8 4 35 10.0 11 A 11.0
Winter (Dec.–Feb.) 10 0.0 0 0 0.0 0 B –
r2 = 0.47, F = 12.28, df = 3,42, P < 0.0001
STUDY 2
Total 21 40.9 0 102 34.1 45 – 8.1
Season
Warm (Mar.–Nov.) 17 50.4 2 102 30.8 52 A 11.0
Cold (Dec.–Feb.) 4 0.5 0 1 0.6 0.5 B 0.0
r2 = 0.35, F = 10.08, df = 1,19, P = 0.005
Quarter
Spring (Mar.–May) 6 56.8 2 102 41.0 67.5 A 13.9
Summer (Jun.–Aug.) 5 46.2 18 93 28.8 45 AB 6.9
Fall (Sep.–Nov.) 6 47.5 9 71 25.0 54.5 AB 11.4
Winter (Dec.–Feb.) 4 0.5 0 1 0.6 0.5 B 0.0
r2 = 0.36, F = 3.23, df = 3,17, P = 0.049
STUDY 3
Total 25 43.8 0 124 38.2 45 – 3.4
Season
Warm (Mar.–Nov.) 18 59.6 0 124 33.2 55 A 4.2
Cold (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.46, F = 19.70, df = 1,23, P = 0.0002
Quarter
Spring (Mar.–May) 6 24.0 0 43 17.6 29 B 4.6
Summer (Jun.–Aug.)  7 84.6 52 124 22.5 85 A 4.9
Fall (Sep.–Nov.) 5 67.4 48 100 21.7 56 A 3.1
Winter (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.81, F = 30.20, df = 3,21, P = 0.0001
.
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Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), for three study
areas, by season. Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
Study 1: Intr co stal Waterway and Atl tic Coast (n = 46 surveys, AMNE data set), March 1991 to November 1993, St.
Johns, Flagler, and Volusia counties, Florida. Study 2: Lower St. Johns Riv r and tributaries (n = 21 surveys, AMSJT data
set), May 1993 to May 1994, Duval, St. Joh s, and Clay counties, Florida. Study 3: Middle St. Johns River (n = 25 surveys,
AMSJT94 data set), June 1994 to June 1995, Duval, St. Johns, Clay, a d Putnam counties, Florida.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
STUDY 1
Total 46 16.9 0 54 14.2 16 – 8.0
eason
Warm (Mar.–Nov.) 3 21.5 4 2.5 21.5 A 9
Cold (Dec.–Feb.) 10 0.0 0 0 0.0 0 B –
r2 = 0.38, F = 26.27, df = 1,44, P < 0.0001
Quarter
Spring (Mar.–May) 15 22.7 4 42 13.7 19 A 9.1
Summ  (Jun.–Aug.) 10 27.1 15 54 10.6 24.5 A 6.8
Fall (Sep.–Nov.) 1 14 8 35 0 0 1 11 0
Winter (Dec.–Feb.) 0 0 0 0 0 0 B –
r2 = 0.47, F = 12.28, df = 3,42, P < 0.0001
STUDY 2
Total 21 40.9 0 102 34.1 45 – 8.1
eason
Warm (Mar.–Nov.) 17 5 .4 2 0.8 52 A 11 0
Cold (Dec.–Feb.) 4 0.5 0 1 0.6 0.5 B 0.0
r2 = 0.35, F = 10.08, df = 1,19, P = 0.005
Quarter
Spring (Mar.–May) 6 56.8 2 102 41.0 67.5 A 13.9
Summ  (Jun.–Aug.) 5 46.2 18 93 28.8 45 AB 6.9
Fall (Sep.–Nov.) 47 5 9 71 25 54 B 1 4
Winter (Dec.–Feb.) 4 0 5 0 1 0 6 0.5 0 0
r2 = 0.36, F = 3.23, df = 3,17, P = 0.049
STUDY 3
Total 25 43.8 0 124 38.2 45 – 3.4
eason
Warm (Mar.–Nov.) 18 59.6 3. 5 A 4.2
Cold (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.46, F = 19.70, df = 1,23, P = 0.0002
Quarter
Spring (Mar.–May) 6 24.0 0 43 17.6 29 B 4.6
Summ  (Jun.–Aug.)  7 84.6 52 124 22.5 85 A 4.9
Fall (Sep.–Nov.) 5 67 4 48 100 21 7 56 A 3 1
Winter (Dec.–Feb.) 3 0 0 12 4 4 1 B 0 0
r2 = 0.81, F = 30.20, df = 3,21, P = 0.0001
.
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Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), for three study
areas, by season. Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
tudy 1: Intracoastal Waterway and Atlantic Coast (n = 46 surveys, AMNE data set), March 1991 to November 1993, St.
Johns, Flagler, and Volusia counties, Florida. Study 2: Lower St. Johns River and tributaries (n = 21 surveys, AMSJT data
set), May 993 to May 1994, Duval, St. Johns, and Clay counties, Florida. Study 3: Middle St. Johns River (n = 25 surveys,
AMSJT94 data set), June 1994 to June 1995, Duval, St. Johns, Clay, and Putnam counties, Florida.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
STUDY 1
Total 46 16.9 0 54 14.2 16 – 8.0
Season
Warm (Mar.–Nov.) 36 21.5 4 54 12.5 21.5 A 9.0
Cold (Dec.–Feb.) 10 0.0 0 0 0.0 0 B –
r2 = 0.38, F = 26.27, df = 1,44, P < 0.0001
Qu rter
pring (Mar.–May) 15 22.7 4 42 13.7 19 A 9.1
Sum er (Jun.–Aug.) 0 27 1 15 54 1 6 24.5 6 8
Fal  (Sep.–Nov.) 11 14 8 4 35 1 0 11 A 11
inter (Dec.–Feb 0 0 0 0 0 0 B –
r2 = 0.47, F = 12.28, df = 3,42, P < 0.0001
STUDY 2
Total 21 40.9 0 102 34.1 45 – 8.1
Season
Warm (Mar.–Nov.) 17 50.4 2 102 30.8 52 A 11.0
Cold (Dec.–Feb.) 4 0.5 0 1 0.6 0.5 B 0.0
r2 = 0.35, F = 10.08, df = 1,19, P = 0.005
Qu rter
pring (Mar.–May) 6 56.8 2 102 41.0 67.5 A 13.9
Sum er (Jun.–Aug.) 6 2 18 93 2 8 B 6 9
Fal  (Sep.–Nov.) 6 47 5 9 71 25 0 54.5 A 11 4
inter (Dec.–Feb 4 0 5 1 0 6 0.5 B 0 0
r2 = 0.36, F = 3.23, df = 3,17, P = 0.049
STUDY 3
Total 25 43.8 0 124 38.2 45 – 3.4
Season
Warm (Mar.–Nov.) 18 59.6 0 124 33.2 55 A 4.2
Cold (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.46, F = 19.70, df = 1,23, P = 0.0002
Quarter
Spring (Mar.–May) 6 24.0 0 43 17.6 29 B 4.6
Summer (Jun.–Aug.)  7 84.6 52 124 22.5 85 A 4.9
Fall (Sep.–Nov.) 5 67.4 48 100 21.7 56 A 3.1
Winter (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.81, F = 30.20, df = 3,21, P = 0.0001
.
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able 4 M nat e aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), for three study
are , by season. Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
Study 1: Intrac astal Waterway and Atlantic Coast (n = 46 surveys, AMNE data set), March 1991 to November 1993, St.
Johns, Flagler, and Volusia counties, Florida. Study 2: Lower St. Johns River and tributaries (n = 21 surveys, AMSJT data
set), May 1993 to May 1994, Duval, St. Johns, and Clay counties, Florida. Study 3: Middle St. Johns River (n = 25 surveys,
AMSJT94 data set), June 1994 to June 1995, Duval, St. Johns, Clay, and Putnam counties, Florida.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
1
46 16 54 1 2 16 0
36 1 5 4 2 5 1 9
0 0 0 B –
8  26 27 44 < 01
15 22 7 4 4 13 7 19 9 1
er 10 27 1 5 54 10 6 24.5 8
11 14 4 35 10 11 0
10 0 0 0 –
47 12.28, df = 3,42, P < 0.0001
2
1 0 9 02 4 1 8 1
7 0 4 2 02 0 2 11 0
4 0 0 6 0
35 0 08 19 5
56 8 2 102 41 0 67.5 A 13 9
er . . 5 46 2 18 93 8 8 4 B 6
4 5 9 71 5 0 4.5 11 4
4 0 5 1 0 6 0.5
36 .23, df = 3,17, P = 0.049
STUDY 3
Tot l 25 43.8 0 124 38.2 45 – 3.4
eason
War  (Mar.–Nov.) 18 59 0 33 2 5 2
Co d (Dec.–Feb.) 7 3 0 0 12 4 4 1 B 0 0
r2 = 0.46, F = 19.70, df = 1,23, P = 0.0002
Quarter
Spring (Mar.–May) 6 24.0 0 43 17.6 29 B 4.6
Summer (Jun.–Aug.)  7 84.6 52 124 22.5 85 A 4.9
Fall (Sep.–Nov.) 5 67.4 48 100 21.7 56 A 3.1
Winter (Dec.–Feb.) 7 3.0 0 12 4.4 1 B 0.0
r2 = 0.81, F = 30.20, df = 3,21, P = 0.0001
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Map 6  Warm-season sightings of manatees during aerial surveys in Atlantic Coast and Intracoastal Waterway Florida 
(study 1, St. Johns, Flagler, and Volusia counties; March–November; n = 46 surveys) from March 1991 to November 
1993. No manatees were sighted during the cold season (AMNE data set).
number of manatees per survey was lowest in the 
north and highest in the south and ranged from 
0.40 in zone 3 to 9.43 in zone 8. Sighting locations 
in the warm season are shown in Map 6 (there 
were no sightings in the cold season). Mean 
counts were highest in the south. Zones 6, 7, and 
8 extend from the Highway 206 Crescent Beach 
Bridge down to the Volusia–Brevard county 
line, and the mean counts made in these zones 
were not significantly different. Mean counts in 
zones 3 through 5 ranged from 0.40 to 1.28 and 
did not differ significantly from one another. 
Furthermore, mean counts at zones 6 and 7 were 
not significantly different from those at zones 3 
through 5.
There were significant differences in the seasonal 
distribution of manatees by zone (χ² = 45.8, df =
10, P < 0.001; Table 5). More groups of manatees 
were seen in the spring than in any other 
season, but the highest mean counts were in 
the summer. In the fall, there were significantly 
more manatees than expected in zones 3 and 
8 and fewer animals than expected in zone 7. 
Conversely, fewer animals than expected were 
seen in zone 8 in the spring and more in the 
adjacent zone 7 and in zone 5.
Behavior of the manatees was recorded for 385 
of the 411 manatee groups. Traveling was the 
predominant behavior (247 groups; 64.2% of 
recorded behaviors), followed by resting (76; 
19.7%), feeding (40; 10.4%), and cavorting (22; 
5.7%). Behaviors differed significantly by season 
(χ² = 11.1, df = 6, P = 0.090). Traveling was the 
most frequent behavior in all seasons, followed 
by resting. Cavorting was observed principally in 
the summer and was observed only a few times 
in the spring. There were significant differences 
in behavior by zone (χ² = 32.1, df = 15, P = 0.006). 
Feeding was observed more frequently than 
expected in zone 8, whereas resting was 
infrequent. Conversely, in zones 6 and 7, 
manatees were resting much more and traveling 
less than expected. Distribution and behavior 
patterns indicated that the ICW was used as a 
travel corridor. The majority of animals migrated 
to areas south of the study area in the fall, while 
a few remained in the north and used warm-
water refuges north of the study area (Duval 
and Nassau counties). In the spring, animals 
migrated north into the study area and remained 
dispersed along the ICW in the spring, summer, 
and early fall.
STUDY 2: LOWER ST. JOHNS RIVER
A total of 859 manatees were documented during 
21 surveys, for an average of 40.9 (SD = 34.1) 
manatees per survey (Table 2, 4). Counts ranged 
from zero manatees during the two winter 
surveys to 102 on May 27, 1994 (Figure 2). Total 
number of manatees (adults and calves) seen 
during each survey is summarized in Table 2. Of 
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Figure 2  Number of manatees observed per survey in the Lower 
St. Johns River and tributaries study area (study 2, n = 21 
surveys year-round), by month, May 1993 to May 1994, Duval, 
St. Johns, and Clay counties, Florida (AMSJT data set).
Table 5  Number of manatees observed in aerial surveys in
the warm season (n = 36 surveys, AMNE data set), and
percentage, by zone, study area 1: Atlantic Coast and 
Intracoastal Waterway, March 1991 to November 1993, St. 
Johns, Flagler, and Volusia counties, Florida.
Table 5 Number of manatees observed in aerial surveys in 
the warm season (n = 36 surveys, AMNE data set), and 
percentage,  zo , Intracoastal Waterway and 
Atlantic Coast, March 1991 to November 1993, St. Johns, 
Flagler, and Volusia counties, Florida. 
 
Zone Count 
Zone 3 16 2.1 
Zone 4 23 3.0 
Zone 5 51 6.6 
Zone 6 62 8.0 
Zone 7 246 31.7 
Zone 8 377 48.7 
Percent
the total, 91.9% were adults, with a mean of 37.6 
adults (SD = 31.7, range 0–96). There was a mean 
of 3.3 calves (SD = 3.2, range 0–11) per survey 
accounting for 9.0% of the total (range 0%–50% 
on each survey). No calves were seen during the 
winter months.
Counts in the warm season (March–November; 
n = 17, x̄ = 50.4 manatees per survey, SD = 30.8, 
range 2–102) were significantly greater than in 
the cold season (December–February; n = 4, x̄ 
= 0.5, SD = 0.6, range 0–1 manatees per survey; 
ANOVA, P < 0.005; Table 4). No manatees were 
counted in winter during 10 flights. Counts by 
season are shown in Figure 2. Sighting locations 
by season are shown in Maps 7 and 8.
There were significant differences in mean counts 
among quarters (ANOVA on ranks, df = 3, P 
= 0.003; Table 4). Winter means (n = 4, x̄ = 0.5, 
SD = 0.6, range 0–1) were lower than means for 
the other three seasons were. However, there 
were no significant differences between mean 
counts during spring (n = 6, x̄ = 56.8, SD = 41.0, 
range 2–102), summer (n = 5, x̄ = 46.2, SD = 
28.8, range 18–93), and fall (n = 6, x̄ = 47.5, SD 
= 25.0, range 9–71). Counts were very low from 
November to March, much higher from April 
to June, lower again in mid-summer (mid-June 
to mid-September), and higher in the fall, (late 
September to mid-November). Of the 859 total 
manatees observed, 285 (33.2% of total) were in 
the tributaries or at their confluences with the 
St. Johns River, and 574 (66.8%) were observed 
elsewhere in the St. Johns River (Map 7). Of the 
285 in tributaries, from north to south, 29 (10.2%) 
were in the Trout and Ribault rivers; 7 (2.4%) 
in the Arlington River and Pottsburg Creek; 
34 (11.9%) in the Ortega and Cedar rivers; 180 
(63.2%) in Doctors Lake; 31 (10.9%) in Julington 
and Durbin creeks; and 4 (1.4%) in Black Creek. 
Only two manatees were seen in the five winter 
flights, and they were observed in locations also 
used by manatees in other months (Map 8).
Behaviors could be determined and recorded 
for 246 of the 366 groups observed. Feeding was 
the predominant behavior (39.8% of behaviors 
recorded), followed by traveling (35.0%), resting 
(18.3%), and cavorting (6.9%). Behaviors did not 
significantly differ by season (χ² = 15.9, df = 9, P 
= 0.069). Feeding was the predominant behavior 
in the summer and fall, and it was equal in 
frequency to traveling in the spring. Resting was 
observed more frequently than expected in the 
spring, and traveling was rarely observed in the 
summer. Cavorting groups were seen principally 
in the summer.
STUDY 3: MIDDLE ST. JOHNS RIVER
A total of 1,094 manatees were counted during 
this survey (25 flights, x̄ = 43.8 manatees per 
survey, SD = 38.2; Table 3, 4). Counts ranged from 
zero manatees observed during four winter and 
early spring surveys to 124 manatees observed 
on July 19, 1994 (Table 3; Figure 3). Adults 
accounted for 95.5% of the total (x̄ = 41.8 per 
survey, SD = 36.3, range 0–116). The remaining 
4.5% were calves (x̄ = 2.0 calves per survey, SD 
= 2.2, range 0–8). The percentage of calves seen 
during a survey ranged 0%–8%. No calves were 
seen during winter.
Counts in the warm season (March–November; 
n = 18, x̄ = 59.6 manatees per survey, SD = 33.2, 
range 0–124) were significantly greater than 
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Figure 3  Number of manatees observed per survey in the 
Middle St. Johns River study area (study 3, n = 25 surveys 
year-round), by month, June 1994 to June 1995, Duval, 
St. Johns, Clay, and Putnam counties, Florida (AMSJT94 
data set).
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Map 7  Warm-season sightings of manatees during aerial surveys in  lower St. Johns River and its tributaries (study 2, 
Duval, St. Johns, and Clay counties; March–November; n = 17 surveys) from May 1993 to May 1994 (AMSJT data set).
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Map 8  Cold-season sightings of manatees during aerial surveys in lower St. Johns River and its tributaries (study 2, 
Duval, St. Johns, and Clay counties; December–February; n = 4 surveys) from May 1993 to May 1994 (AMSJT data set).
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Map 9  Warm-season sightings of manatees during aerial surveys in middle St. Johns River (study 3, Duval, St. Johns, 
Clay, and Putnam counties; March–November; n = 18 surveys) from June 1994 to June 1995 (AMSJT94 data set).
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  49
Map 10  Cold-season sightings of manatees during aerial surveys in middle St. Johns River (study 3, Duval, St. Johns, 
Clay, and Putnam counties; December–February; n = 7 surveys) from June 1994 to June 1995 (AMSJT94 data set).
counts in the cold season (December–February; 
n = 7, x̄ = 3.0, SD = 4.4, range 0–12 manatees per 
survey; ANOVA, P < 0.001; Table 4). No manatees 
were counted in winter during 3 flights. Counts 
by season are shown in Figure 3. Sighting 
locations by season are shown in Maps 9 and 10.
Counts differed significantly by quarter (ANOVA 
on ranks, df = 3, P < 0.001; Table 4). Mean counts 
in winter (n = 7, x̄ = 3.0, SD = 4.4, range 0–12) 
and spring (n = 6, x̄ = 24.0, SD = 17.6, range 0–43) 
were significantly lower than mean counts in 
summer (n = 7, x̄ = 84.6, SD = 22.5, range 52–124) 
and fall (n = 5, x̄ = 67.4, SD = 21.7, range 48–100). 
However, there was no significant difference 
between winter and spring means, or between 
summer and fall means. Counts were very low 
from late November to March, increased slowly 
in April and May, were highest in mid-summer 
(June to mid-October), and declined rapidly from 
late October to mid-November.
Of the 1,094 total manatees observed (zones 
listed north to south), 470 (42.9%) were in the St. 
Johns River (SJR) between the I-295 Buckman 
Bridge and the Highway 16 Shands Bridge; 194 
(17.7%) in Doctors Lake; 47 (4.3%) in Julington 
Creek; 20 (1.8%) in Black Creek; 228 (20.8%) in 
SJR between the Highway 16 Shands Bridge and 
the Highway 17 Palatka Bridge; 130 (11.9%) in 
SJR between the Highway 17 Palatka Bridge and 
Lake George; and 7 (0.6%) were in the Cross-
Florida Barge Canal (Maps 9, 10).
Only 11 of the 498 groups were seen in winter,  
and they were observed in locations that were 
also used in other months (Map 10). Behaviors 
of individuals in 242 of the 498 groups were 
observed. Numbers and proportions of behaviors 
were similar to those of study 2. Feeding was 
the predominant behavior (47.1%), followed by 
traveling (34.3%), resting (10.3%), and cavorting 
(8.3%). Behaviors significantly differed by season 
(χ² = 26.5, df = 9, P = 0.002). Feeding observations 
predominated in all seasons except winter, 
when traveling was most prevalent. Resting 
animals were observed significantly more often 
than expected in the spring and less than were 
observed in summer. Twice as many cavorting 
groups as expected were observed in the fall.
Discussion
The results of the three aerial surveys reported 
here are similar to those from the past two 
studies by Kinnaird (1985) and Valade (1991). In 
all of these studies, many more manatees were 
observed in the summer months than in the 
colder ones. Subsequent flights in 1994–1998 by 
White et al. (2002) showed this as well.
Deutsch et al. (2003) believed that most of the 
manatees that are present in this study area in 
the warm months winter on the Atlantic coast, 
primarily at the two power plants at Titusville, 
although some have been recorded at the power 
plants in southeast Florida. At the time of those 
studies, however, there were six warm-water 
sources in Duval and Nassau counties in Florida 
and in Camden and Glynn counties in Georgia 
(power plants and paper mills), and only a small 
number of the manatees wintered in northeastern 
Florida. The manatees that winter at Blue Spring 
State Park in Volusia County are believed, with 
rare exceptions, to stay year-round in the upper 
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A Florida manatee glows golden in tannic water.
chi-sq symbol
St. Johns River south of Green Cove Springs 
(O’Shea and Hartley, 1995; FWC, 2002; Deutsch et 
al., 2003).
Comparison to Previous Studies
Counts were considerably higher in each of the 
studies reported here than in earlier studies 
made by Kinnaird (1985) in 1982–1983. Although 
our study area did not coincide completely with 
that of Kinnard’s, counts in the regions of overlap 
can be compared. Kinnaird’s (1985) study area 
in the ICW included the FWC route in study 1 
(Maps 1, 2) and to a region north of the present 
northern boundary (Duval and Nassau county 
coasts). We averaged 16.9 manatees per flight, 
whereas Kinnaird (1985) averaged 5.8 manatees 
per flight in the larger area. Kinnaird’s (1985) St. 
Johns River survey (1982–1983) also covered all 
of our study 2 route, plus additional areas. Our 
mean of 39.0 manatees per survey was much 
higher than Kinnaird’s (1985) mean of 18.3 in 
a larger area. The northern half of our study 
3 route, from the I-295 Buckman Bridge to the 
Highway 16 Shands Bridge, overlapped with 
the southern region of the Kinnaird (1985) study. 
Counts on the northern half of our survey alone 
totaled 731 animals (66.7% of survey total), for 
an average of 29.2 manatees per survey, higher 
than the average of 18.3 manatees for Kinnaird’s 
(1985) entire St. Johns River survey. The increase 
in observed counts may have been the result of 
an increase in the size of the manatee population 
on the Atlantic Coast (Garrott et al., 1994; Craig et 
al., 1997).
The percentages of calves in our studies generally 
corresponded with those reported in other 
studies. Percentages for our studies 1 and 2 (8.0% 
and 8.2% calves, respectively) were higher than 
the 7% reported by Kinnaird (1985) but were 
comparable to the statewide mean percentage of 
8.5% reported by Rathbun et al. (1995). Our study 
3 found that 4.6% were calves.
 Seasonal patterns in manatee abundance and 
distribution in the ICW were similar to those 
found by Kinnaird (1985). Direct seasonal 
comparisons are not possible for two reasons: 
Kinnaird (1985) defined seasons somewhat 
differently, and she did not report the mean 
counts per flight or the number of flights per 
season. Counts by season, as well as seasonal 
averages, were considerably higher than those 
reported by Kinnaird (1985). In the ICW, both 
studies showed the same general pattern of 
seasonal abundance: counts were highest 
in the spring and declined from summer to 
winter. Spring and summer counts reported by 
Kinnaird (1985) were higher, but they were not 
significantly different from spring.
Manatees’ seasonal use of the ICW waterways 
during our studies was similar to that found by 
Kinnaird (1985) and Valade (1991). The seasonal 
influx of manatees during the spring and early 
summer is due to migration northward in the 
ICW along the Atlantic Coast and then into the 
St. Johns River (Kinnaird, 1985; Deutsch et al., 
2002; Chapter 5, this volume, East Coast, 1985–
1987). Our study 1 results support Kinnaird’s 
(1985) conclusion that the ICW is important 
for travel and feeding. Manatee sightings 
were negligible in winter, when animals were 
aggregated at warm-water refuges south of 
the study areas (Deutsch et al., 2003). Water 
temperature plays a major role in the north-south 
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Florida manatee cow and calf.
migration of manatees in the ICW and the St. 
Johns River. 
The higher than expected number of animals in 
zone 3 of the ICW (study 1, northern St. Johns 
County) in the fall may reflect animals moving 
north to one of several warm-water refuges 
north of the study area. The ICW between 
Mosquito Lagoon and Ponce de Leon Inlet (zone 
8, southern Volusia County) is a high-use area 
for manatees. The Tomoka River and the Palm 
Coast canal system (zone 7, northern Volusia 
County) are important habitats for manatees in 
the spring and are important calving and nursery 
areas. Deutsch et al. (2003) also found these to be 
important stopovers for manatees migrating long 
distances.
Seasonal patterns in manatee distribution in the 
St. Johns River were different from those found 
by Kinnaird (1985). Kinnaird (1985) reported 
highest counts in summer, followed by spring, 
fall, and winter. In contrast, results from our 
study 2 indicated that the highest number of 
animals were seen in the spring. Peak counts 
occurred in the late spring and early summer. 
The numbers of manatees declined but leveled 
off during the summer, increased slightly in 
fall, and decreased dramatically in late fall and 
early winter. As a result, counts were lower in 
fall and summer than in spring. The number of 
manatees sighted during the winter was low and 
was similar to the number reported by Kinnaird 
(1985). Adults accompanied by small calves 
(probably newborns) were principally found 
in the tributaries. This supports observations 
elsewhere of manatees calving in quiet areas such 
as small tributaries and canals (O’Shea et al., 
1985; Ackerman et al., 1995). Perinatal mortality 
records suggest that the tributaries are used as 
calving and nursery areas (FWC–FWRI mortality 
database, unpublished data).
The seasonal distribution found in study 3 
(Middle St. Johns River) differed from those 
found in other studies of the area. Manatees 
used the northern portion of the survey area 
heavily during summer and fall but dispersed 
throughout the area during the rest of the 
year. As a result, abundance was highest in the 
summer, followed by fall, spring, and winter. 
The counts were low in spring, probably because 
migrating manatees had not yet reached the 
middle section of the St. Johns River. The few 
winter sightings were most likely at or near 
several small natural springs along this section of 
the river.
Distribution patterns in our studies 2 and 3 were 
similar. Kinnaird (1985) suggested that most of 
the manatees using the St. Johns River system 
during the spring, summer, and fall overwinter 
along the southeast coast of Florida. This agrees 
with telemetry study findings by Deutsch et al. 
(2003). The manatees that winter at Blue Spring 
State Park (Volusia County) are the exception. 
High manatee counts in the spring and fall in 
our study 2 reflect this migration in and out 
of the St. Johns River from the Atlantic Coast. 
The lower but consistent numbers during the 
summer and the high numbers in the southern 
half of study 3 in the summer suggest that the 
manatees disperse south. Based upon these 
surveys, sightings data, photoidentification data, 
mortality data, and telemetry data, we believe 
that manatees from the Atlantic Coast population 
travel upriver into the St. Johns River system 
but rarely as far south as Palatka. They use 
the middle reaches of the river during spring, 
summer, and fall. Only 1 of 78 radio-tagged 
manatees from the Atlantic coast traveled as far 
upstream as Palatka (Deutsch et al., 2003).
Similarly, we believe that manatees from the 
Blue Spring population disperse downriver in 
the warm months as far north as Green Cove 
Springs. Thus, the section of the St. Johns River 
between Green Cove Springs and Palatka is an 
area where the Atlantic coast population and the 
Blue Spring population probably overlap in the 
summer (Bengtson, 1981; W. Brooks, unpublished 
data). There have been documented cases of 
interchange between these two populations (Reid 
et al., 1991; O’Shea and Hartley, 1995; C. Beck, 
USGS, personal communication).
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Manatees also move in and out of the river 
during the warmer months, which was 
documented during the Cooperative Georgia/
Northeast Florida Manatee Telemetry Project 
(Georgia Department of Natural Resources/
USGS Sirenia Project, 1997–1998, unpublished 
data; Deutsch et al., 2000, 2003). It is interesting 
to note that many of the early spring and late 
fall sightings from each study occurred in and 
near tributaries and canals. These water bodies 
may be warmer than the St. Johns River and ICW 
during the early spring and late fall. Manatees 
may use tributaries and canals as temporary 
warm-water refuges as they migrate to and from 
northeast Florida and Georgia.
For several reasons, manatee counts from these 
studies do not reflect a population estimate for 
northeastern Florida. The survey routes covered 
only portions of the shoreline that were most 
significant for management purposes. However, 
the counts in spring and early summer from 
study 2 in the Lower St. Johns River (when 
Blue Spring animals were still expected to be 
in the Upper St. Johns River) can be combined 
with the population estimates of the 80+ Blue 
Spring manatees at the time of these surveys 
(W. Hartley, Blue Spring State Park, personal 
communication). This yields a minimum spring–
fall count of manatees using the St. Johns River 
system of at least 150 manatees and possibly 
as many as 200 animals in 1995. Jacksonville 
University researchers counted 230 manatees 
during one survey in the spring of 2003 (A. 
White, unpublished data).
Based on the high number of manatees 
documented there during the warm months, 
the 20-km stretch of the St. Johns River from 
Mulberry Cove and Goodby’s Creek south to 
Black Creek and Julington Creek (Duval County) 
is one of the most important manatee areas in 
northeastern Florida and warrants significant 
protection. Years of field observations in this area 
showed us that manatee use of the nearshore 
habitat is tidally influenced. During high tides, 
manatees are often observed feeding, resting, 
or cavorting in the shallow, submerged aquatic 
vegetation (SAV) areas and around the docks. 
Conversely, during lower tidal stages, manatees 
are often observed in and beyond the outer edge 
of the SAV. This includes areas under or beyond 
the end of docks and, at low tide, deep-water 
areas such as marinas, tributary confluences, and 
channels. The long docks (up to 60 m) provide 
some protection from fast-moving boats.
The area of the St. Johns River in downtown 
Jacksonville, from the Fuller-Warren Bridge to 
the Trout River, was not adequately surveyed 
in our study 2. This portion of the river is not 
conducive to aerial surveys because it is narrow, 
deep, and highly developed and industrialized. 
Aerial-survey data alone do not adequately 
document manatee distribution and abundance 
in this area. This section of the St. Johns River 
is an area of significant concern because of the 
continued documentation of watercraft-related 
mortalities there (FWC–FWRI mortality database, 
unpublished data), and it warrants further study 
by additional methodologies such as satellite 
telemetry.
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A manatee surfaces to breathe. Karen Parker, FWC.
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Manatee in Suwanee  River. Propeller scars on manatee backs help in identification. Photo by FWC.
Chapter 4__________
Manatee Distribution in 
Volusia County, Florida, 2002-2004
Sara L. McDonald
Introduction 
Researchers have conducted aerial surveys of 
manatees in Volusia County since 1973. Hartman 
(1974) completed a limited number of manatee-
distribution surveys that covered the Atlantic 
Coast from Brunswick, Georgia, to the Florida 
Keys. In Volusia County, he reported manatee 
sightings throughout the Halifax River and 
associated lagoonal waters. Manatees were 
concentrated in the Tomoka River, Spruce Creek, 
and from New Smyrna to Mosquito Lagoon 
(Hartman, 1974). In 1976, Irvine and Campbell 
(1978) carried out winter and summer synoptic 
surveys that included Florida, Georgia, and the 
Carolinas. Their discussion was broader in scope 
than Hartman’s, focusing on large-scale counts, 
rather than local or countywide distribution.
Kinnaird (1983, 1985) conducted manatee 
distribution surveys in Volusia County during 
1982 and 1983. As Hartman did, Kinnaird 
identified the Tomoka River and the Intracoastal 
Waterway (ICW), as well as inlets to the Atlantic 
Ocean, as areas with high manatee counts. 
Counts were highest during the warm season 
(Kinnaird, 1983). Between May and November 
1985, the Florida Fish and Wildlife Conservation 
Commission (FWC, then known as the 
Department of Natural Resources) made aerial 
distribution surveys over the Tomoka Marsh 
Aquatic Preserve. Highest counts were recorded 
in May and September. Staff from the United 
Sara L. McDonald, Florida Fish and Wildlife 
Conservation Commission, Fish and Wildlife 
Research Institute, 100 Eighth Avenue S.E., St. 
Petersburg, FL 33701 USA. Present address: Sara L. 
McDonald, PhD, Seafood Watch, Monterey Bay Aquarium, 
886 Cannery Row, Monterey, CA 93940 USA.
States Geological Survey (USGS) Sirenia Project 
and the FWC made aerial surveys of manatee 
distribution over the entire county between 
December 1985 and January 1987 (Chapter 6, this 
volume; FWC, 2000). Counts in this survey also 
peaked in the warm season. Prior to the present 
study, the most recent distribution surveys for 
Volusia County were made from 1991 to 1993 by 
the FWC. Highest counts again were recorded 
during the warm season, specifically in May and 
September, with high-use areas in the ICW and 
the Tomoka River.
Manatee distribution surveys can convey a broad 
picture of locations where manatees are found 
seasonally and can identify important habitat 
features that attract manatees. This chapter 
discusses data on manatee distribution collected 
during aerial surveys conducted between July 
2002 and June 2004 over the waters of eastern 
Volusia County, Florida.
Methods
Study Area
The survey area comprised the ICW and 
associated lagoons and rivers in eastern Volusia 
County, Florida. The survey route included 
Strickland Creek but not Bulow Creek (which 
is currently being covered in surveys of Flagler 
and St. Johns counties, fall 2005 to fall 2007) and 
the Tomoka River to the north; Spruce Creek, 
Turnbull Bay, and Ponce de Leon Inlet in the 
center of the county; and Mosquito Lagoon to 
the south (Map 1). The Halifax River (ICW) 
in Volusia County is an estuarine system with 
tidal exchange and saltwater inflow from Ponce 
de Leon Inlet and freshwater inflow from the 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Volusia County, Florida (n = 45 surveys), 
from July 2002 to June 2004 (2002_2004_Dist_Volusia_FlightPath data set).
Tomoka River, and Bulow, Strickland, and 
Spruce creeks (Volusia County, 2002). Spruce 
Creek, Rose Bay, Turnbull Bay, and the Tomoka 
River and its estuaries have been designated 
as Outstanding Florida Waters (http://www.
dep.state.fl.us/water/wqssp/ofwfs.htm). The 
Tomoka River and its three estuaries to the east 
(Thompson, Dodson, and Strickland creeks) 
compose the Tomoka River Manatee Sanctuary. 
The Tomoka River and Basin, portions of the 
Halifax River, Smith Creek, and Bulow Creek 
compose the Tomoka Marsh Aquatic Preserve 
(DNR, 1992; Volusia County, 2002). Starting in 
northern Volusia County, the narrow Halifax 
Creek widens from north to south to become 
the Halifax River. Water depth within the ICW 
is maintained at a minimum of 10 feet (~3 m) in 
this area, but it is relatively shallow outside the 
channel. The central portion of the length of the 
county’s ICW is urbanized and deep enough to 
accommodate boat traffic traversing Ponce de 
Leon Inlet. According to Volusia County (2002), 
the central portion of the county near the inlet 
is the northernmost boundary for seagrasses. 
Continuing south of Ponce de Leon Inlet is the 
North Indian River, which ultimately widens 
into Mosquito Lagoon, a shallow water body 
with extensive seagrass coverage (South Florida 
Water Management District [SFWMD], 2002; 
Volusia County, 2002; National Park Service 
[NPS], 2005). Because of its proximity to Ponce 
de Leon Inlet, the North Indian River is tidally 
driven. The relatively isolated Mosquito Lagoon 
lacks freshwater intrusion and, because of 
evaporation, experiences salinities between 31 
and 33 ppt (SFWMD, 2002; Volusia County, 2002). 
The Mosquito Lagoon Aquatic Preserve begins 
at the spoil islands east of the ICW and extends 
southward through Mosquito Lagoon. The 
southern portion of Mosquito Lagoon in Volusia 
County includes part of the Merritt Island 
National Wildlife Refuge and the Canaveral 
National Seashore.
Aerial Survey Protocols
Distribution aerial surveys that included the 
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Table 1  Summary of aerial survey dates (n = 45 surveys)
and manatee counts, June 2002–July 2004,Volusia County,
Florida (2002_2004_Dist_Volusia_Points).
.
ernmost boundary for seagrasses. Continuing south of
Ponce de Leon Inlet is the North Indian River, which
ultimat ly widens into Mosq ito Lagoo , a shall w
water body with extensive seagrass coverage (South
Florida Water Management District [SFWMD], 2002; Vo-
lusia County, 2002; National Park Service [NPS], 2005).
Because of its proximity to Ponce de Leon Inlet, the
North Indian River is tidally driven.The relatively iso-
lated Mosquit  Lago n lacks freshwater intrusion and,
because of evaporati n, experiences salinities between
31 and 33 ppt (SFWMD, 2002; Volusia County, 2002).The
Mosquito Lagoon Aquatic Preserve begins at the spoil
islands east of the ICW and extends southward through
Mosquito Lagoon. The southern portion of Mosquito
Lagoon in Volusia County includes part of the Merritt
Island National Wildlife Refuge and the Canaveral
National Seashore.
Aerial Survey Protocols
Distribution aerial surveys that included the study
area were made twice per month from July 2002 to
June 2004 for a total of 45 surveys. O ly one flight per
month was made in Janua y 2003, January 2004, and
May 2004. Methods for conducting aerial surveys of
manatee distribution are explained in Ackerman (1995)
and Lefebvre et al. (1995) and in Chapter 2 of this vol-
ume. Data recorded for each sighting included the
number of manatees associated with the location;
number of calves, if pr sent; and manatee behavior
(Ackerman, 1995). Manatee distribution data from sur-
veys were mapped in a Geographic Information Sys-
tem (GIS) database.The raw data from this aerial survey
are in GIS format but are not included on the
FWC–FWRI CD–ROM (FWC, 2000).These data can be
requested from FWC.
Data A alysis
We examined two full years, July 2002 to June 2004, of
survey data by season, by quarters, and by month
(Tables 1, 2; 2002_2004_Dist_Volusia_FlightPath and
2002_2004_Dist_Volusia_Points). We defined quarters
as winter (December–February), spring (March–May),
summer (June–August), and fall (September–Novem-
ber).The warm season included spring, summer, and
fall, and the cold season included only the winter
months. Significant differences between quarters and
between months were evaluated using a One-Way
Analysis of Variance (ANOVA) or the nonparametric
Kruskal-Wallis One-Way Analysis of Variance on Ranks
(K-W test, SigmaStat® 2.03, 1997). A significant differ-
ence indicated that differences in the mean values
(median values for K-W test) w re gre ter than would
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Table 1 Summary of aerial survey dates (n = 45 surveys)
and manatee counts, June 2002–July 2004,Volusia County,
Florida (2002_2004_Dist_Volusia_Points).
Manatees %
Date Adults Calves Total Calves Quarter
10 Jul 02 40 2 42 4.8 Summer
30 Jul 02 16 2 18 11.1 Summer
12 Aug 02 14 2 16 12.5 Summer
23 Aug 02 26 0 26 0.0 Summer
06 Sep 02 61 3 64 4.7 Fall
17 Sep 02 38 3 41 7.3 Fall
03 Oct 02 47 2 49 4.1 Fall
29 Oct 02 18 0 18 0.0 Fall
14 Nov 02 22 2 24 8.3 Fall
26 Nov 02 8 0 8 0.0 Fall
08 Dec 02 0 0 0 0.0 Winter
26 Dec 02 0 0 0 0.0 Winter
07 Jan 03 0 0 0 0.0 Winter
06 Feb 03 1 0 1 0.0 Winter
23 Feb 03 4 0 4 0.0 Winter
18 Mar 03 21 0 21 0.0 Spring
28 Mar 03 26 2 28 7.1 Spring
18 Apr 03 52 2 54 3.7 Spring
28 Apr 03 85 2 87 2.3 Spring
14 May 03 61 4 65 6.2 Spring
27 May 03 93 6 99 6.1 Spring
10 Jun 03 71 3 74 4.1 Summer
16 Jun 03 71 5 76 6.6 Summer
08 Jul 03 45 2 47 4.3 Summer
16 Jul 03 72 3 75 4.0 Summer
05 Aug 03 70 2 72 2.8 Summer
26 Aug 03 39 1 40 2.5 Summer
11 Sep 03 41 2 43 4.7 Fall
25 Sep 03 48 4 52 7.7 Fall
06 Oct 03 31 0 31 0.0 Fall
27 Oct 03 12 1 13 7.7 Fall
11 Nov 03 17 1 18 5.6 Fall
16 Nov 03 16 2 18 11.1 Fall
04 Dec 03 0 0 0 0.0 Winter
26 Dec 03 3 1 4 25.0 Winter
12 Jan 04 1 0 1 0.0 Winter
18 Feb 04 0 0 0 0.0 Winter
23 Feb 04 2 0 2 0.0 Winter
19 Mar 04 37 0 37 0.0 Spring
29 Mar 04 31 0 31 0.0 Spring
07 Apr 04 11 0 11 0.0 Spring
22 Apr 04 36 3 39 7.7 Spring
19 May 04 76 3 79 3.8 Spring
18 Jun 04 39 3 42 7.1 Summer
24 Jun 04 48 3 51 5.9 Summer
Total 1,450 71 1,521 4.7
t            ults  l s  Total   Calves  rt r
tees
study area were made twice per month from
 July 2002 to June 2004 for a total of 45 surveys. 
Only one flight per month was made in January 
2003, January 2004, and May 2004. Methods 
for conducting aerial surveys of manatee 
distribution are explained in Ackerman (1995) 
and Lefebvre et al. (1995) and in Chapter 2 of 
this volume. Data recorded for each sighting 
included the number of manatees associated with 
the location; number of calves, if present; and 
manatee behavior (Ackerman, 1995). Manatee 
distribution data from surveys were mapped in a 
Geographic Information System (GIS) database.
The raw data from this aerial survey are in GIS 
format but are not included on the FWC–FWRI 
CD–ROM (FWC, 2000). These data can be 
requested from FWC.
Data Analysis
We examined two full years, July 2002 to June 
2004, of survey data by season, by quarters, and 
by month (Tables 1, 2; 2002_2004_Dist_Volusia_
FlightPath and 2002_2004_Dist_Volusia_Points). 
We defined quarters as winter (December–
February), spring (March–May), summer (June–
August), and fall (September–November). The 
warm season included spring, summer, and fall, 
and the cold season included only the winter 
months. Significant differences between quarters 
and between months were evaluated using a 
One-Way Analysis of Variance (ANOVA) or the 
nonparametric Kruskal-Wallis One-Way Analysis 
of Variance on Ranks (K-W test, SigmaStat® 2.03, 
1997). A significant difference indicated that 
differences in the mean values (median values for 
K-W test) were greater than would be expected 
by chance. Dunn’s Method of Pairwise Multiple 
Comparison Procedures was then used to isolate 
the group or groups that differ from the others 
(SigmaStat® 2.03, 1997). Using two-way 
contingency tables, we analyzed the association 
of quarters and group size. The Pearson chi-square 
test was used to detect a significant difference 
from an expected distribution (SigmaStat® 2.03, 
1997). A significant difference (P < 0.05) indicated 
that the two variables were correlated.
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Figure 1  Number of manatees observed per survey (n = 45 
surveys) by month, July 2002–June 2004, Volusia County, 
Florida (2002_2004_Dist_Volusia_Points data set).
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Table 2  Manatee aerial survey counts (mean, minimum, maximum, SD, and median) and percentage of calves, by season
(n = 45 surveys),Volusia County, Florida, July 2002–June 2004 (2002_2004_Dist_Volusia_Points data set).
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Table 2 anatee aerial survey counts (mean, minimum, maximum, SD, and median) and percentage of calves, by season
(n = 45 surveys),Volusia County, Florida, July 2002–June 2004 (2002_2004_Dist_Volusia_Points data set).
No. of %
Time Period Surveys Mean Min Max SD Median Calves
Total 45 33.8 0 99 27.5 31.0 4.7
Seasons
Warm (Mar.–Nov.) 35 43.1 8 99 24.0 41.0 4.6
Cold (Dec.–Feb.) 10 1.2 0 4 1.6 0.5 8.3
Quarters
Spring (Mar.–May) 11 50.1 11 99 28.9 39.0 4.0
Summer (Jun.–Aug.) 12 48.3 16 76 22.0 44.5 4.8
Fall (Sep.–Nov.) 12 31.6 8 64 17.8 27.5 5.3
Winter (Dec.–Feb.) 10 1.2 0 4 1.6 0.5 8.3
be expected by chance. Dunn’s Method of Pairwise
Multiple Comparison Procedures was then used to
isolate the group or groups that differ from the others
(SigmaStat® 2.03, 1997). Using two-way contingency
tables, we analyzed the association of quarters and
group size.The Pearson chi-square test was used to de-
tect a sign ficant difference from an expected distrib-
ution (SigmaStat® 2.03, 1997). A significant difference
(P < 0.05) indicated that the two variables were corre-
lated.
Results
Between 2002 and 2004, we counted 1,521 manatees in
Volusia County during 45 surveys, for an average of 33.8
manatees per survey (Table 2). Manatees were recorded
on 39 of the 45 surveys (87%). Annual average counts
per survey ranged 25.5–40.1. Highest average counts per
survey were recorded in 2003. Strong seasonal trends
were documented, with 99% of the manatees counted
during the warm season. Counts per survey during
spring and summer were nearly equal, with 50.1 and
48.3 respectively (Table 2). An average of only 1.2 man-
atees per survey were counted in winter. The six sur-
veys during which no manatees were observed
occurred in winter. Differences in monthly counts per
survey were statistically significant (Kruskal-Wallis,
H = 19.8, P = 0.049). Monthly observations fell into a bi-
modal istribution, wi h a peak in May (81 manatees
per survey) and a secondary peak in Septe ber (50
manatees per survey) (Figure 1). However, there were
no significant differences between quarters (H = 6.5, P
= 0.052).
Of the 800 groups of manatees documented, more
than 80% (654) consisted of only o e or two individu-
als. Average group size wa 1.9 manatees.The largest
group had 23 individuals. Groups with ten or more
manatees were concentrated at or south of Ponce de
Leon Inlet, along the ICW, and in Mosquito Lagoon.
Group size did not change significantly between quar-
ters (χ2 = 24.9, P = 0.84).
We counted 71 calves (4.7% of the observations),
an average of 1.6 calv s per survey. Calves wer
recorded in 28 of 45 surveys (62%). All but one were ob-
served in the warm season. Sightings of calves peaked
in summer (28 total, 2.3 calves per survey). Most of
the calf observations were concentrated along the ICW
in the southern portion of the county, in the canals of
Oak Hill and in Mosquito Lagoon.
Discussion
Manatee distribution data collected during the aerial
surveys suggest that fewer manatees use Volusia
County than use Brevard, Lee, or Collier counties. Ac-
Figure 1 Number of manatees observed per survey (n = 45 surveys)
by month, July 2002–June 2004, Volusia County, Florida
(2002_2004_Dist_Volusia_Points data set).
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Map 2 Cold-season sightings of manatees during aerial surveys in Volusia County, Florida (December–February; n = 
10 surveys), from July 2002 to June 2004 (2002_2004_Dist_Volusia_Points data set).
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Map 3 Warm-season sightings of manatees during aerial surveys in Volusia County, Florida (March–November; n = 35 
surveys), from July 2002 to June 2004 (2002_2004_Dist_Volusia_Points data set).
Results
Between 2002 and 2004, we counted 1,521 
manatees in Volusia County during 45 surveys, 
for an average of 33.8 manatees per survey 
(Table 1, 2). Manatees were recorded on 39 of the 
45 surveys (87%). Annual average counts per 
survey ranged from 25.5–40.1. Highest average 
counts per survey were recorded in 2003. Strong 
seasonal trends were documented, with 99% of 
the manatees counted during the warm season. 
Counts per survey during spring and summer 
were nearly equal, with 50.1 and 48.3 respectively 
(Table 2). An average of only 1.2 manatees per 
survey were counted in winter. The six surveys 
during which no manatees were observed 
occurred in winter. Differences in monthly counts 
per survey were statistically significant (Kruskal-
Wallis, H = 19.8, P = 0.049). Monthly observations 
fell into a bimodal distribution, with a peak in 
May (81 manatees per survey) and a secondary 
peak in September (50 manatees per survey) 
(Figure 1). However, there were no significant 
differences between quarters (H = 6.5, P = 0.052).
Of the 800 groups of manatees documented, 
more than 80% (654) consisted of only one or 
two individuals. Average group size was 1.9 
manatees. The largest group had 23 individuals. 
Groups with ten or more manatees were 
concentrated at or south of Ponce de Leon 
Inlet, along the ICW, and in Mosquito Lagoon. 
Group size did not change significantly between 
quarters (χ² = 24.9, P = 0.84).
We counted 71 calves (4.7% of the observations), 
an average of 1.6 calves per survey. Calves were 
recorded in 28 of 45 surveys (62%). All but one 
were observed in the warm season. Sightings 
of calves peaked in summer (28 total, 2.3 calves 
per survey). Most of the calf observations were 
concentrated along the ICW in the southern 
portion of the county, in the canals of Oak Hill 
and in Mosquito Lagoon.
Discussion
Manatee distribution data collected during the 
aerial surveys suggest that fewer manatees use
Volusia County than use Brevard, Lee, or Collier 
counties. According to Deutsch et al. (2003), 
tagged manatees traveled quickly through 
Volusia County, using it as a migratory corridor 
connecting summer ranges near Fernandina 
Beach, Florida, and Brunswick, Georgia, with 
over-wintering sites in the Banana and Indian 
rivers in Brevard County. Spring and early 
autumn peaks in manatee numbers in the ICW 
support this finding.
Average counts per survey increased 
dramatically in 11 years, from 13.3 (1991–1993) 
to 33.8 (2002–2004). It appears that areas 
with increased manatee use since 1991–1993 
include Ponce de Leon Inlet and the east side of 
Mosquito Lagoon (Maps 2, 3). Several surveys 
have documented manatee use of the Ponce inlet 
(Kinnaird, 1983, 1985; FWC, 2000). Hartmann 
(1974) reported periodic manatee sightings in the 
Atlantic Ocean. Manatees have to pass through 
Ponce de Leon Inlet when traveling between 
the ICW and the Atlantic. In addition, Ponce de 
Leon Inlet has flat, sandy areas that, like the Port 
Canaveral Locks, may be used during mating. 
The sightings in Mosquito Lagoon are distributed 
along the edges of seagrass beds, indicating use 
of this area for feeding. Despite higher counts in 
2002–2004 than in 1991–1993, manatees showed 
the same distribution and seasonal use patterns 
in both surveys, with peak use in the warm season.
Although quarterly counts of manatees in each 
survey were not significantly different, it appears 
that there are seasonal changes in habitat use. 
Because of the absence of a warm-water source, 
winter counts were extremely low: 12 manatees 
were counted in all winters combined, averaging 
1.2 manatees per survey. Sightings were highest 
in spring and summer, indicating that although 
some manatees may migrate through Volusia 
County to places farther north, others may use 
portions of Volusia County for their summer 
home ranges. Distribution surveys in previous 
years also recorded highest manatee counts during 
the warm season (Kinnaird, 1983; FWC, 2000).
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Quiet waterways such as the Tomoka River and  
Spruce Creek and canals in the southern part 
of the county can provide refuge for females 
and calves. Although calves were observed 
throughout the county, mortality data show 
that almost half of the perinatal carcasses (41%) 
from eastern Volusia County were recovered 
from either the Tomoka River or a residential 
canal (FWC, unpublished data). Although 
carcass recovery locations may not reflect 
where the manatee died, it is doubtful that the 
carcasses drifted very far in these waterways. 
In densely populated areas like the canals of 
Oak Hill, carcasses had a higher likelihood 
of being observed soon after death than they 
would in more remote areas. In addition to 
providing manatees with shelter, the rivers, 
creeks, and canals are also sources of fresh 
water. Other desirable, warm-season habitats 
in Volusia County include abundant seagrass 
beds in Mosquito Lagoon and the Ponce de Leon 
Inlet travel corridor. Ponce de Leon Inlet is the 
only waterway in Volusia County connecting 
the Atlantic Ocean to the ICW and inland 
waterways. The largest groups (≥10 manatees) 
were recorded at Ponce de Leon Inlet and in 
Mosquito Lagoon. Throughout the warm season, 
manatees presumably travel between the four 
habitats described above: feeding (Mosquito 
Lagoon), drinking and sheltering (rivers and 
canals), traveling (Ponce de Leon Inlet and ICW), 
and mating habitats (Ponce de Leon Inlet and 
Mosquito Lagoon).
Monthly counts were significantly different (H = 
19.76, P = 0.049). Comparisons between pairs of 
months, however, were not significant (q = 2.97, P 
> 0.05). We recorded highest counts per survey in 
May (81.0), with a secondary peak in September 
(50.0). This supports the concept that manatees 
use Volusia County as a seasonal migratory 
corridor. These peaks have been recorded 
consistently since the mid-1980s (Kinnaird, 1983, 
1985; FWC, 2000). Deutsch et al. (2003) found 
that manatees with summer ranges north of the 
St. Johns River departed for their fall migration 
by 15 September. This timing may be influenced 
by the abundance or nutritional quality of their 
summer forage (Deutsch et al., 2003).
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Manatee and calf in Blue Spring, Volusia County, Florida.
Chapter 5__________
Seasonal Manatee Distribution
in Brevard County, Florida, 1997–1999
Cynthia Taylor, Bruce B. Ackerman
Introduction 
The Florida manatee was first documented in 
Brevard County, on the central Atlantic coast of 
Florida, in the late 1800s. Bangs (1895) reported 
that manatees were scarce in the Indian River, 
even after new state protection laws went into 
effect, and he described cold-related deaths in 
February 1895. Hartman (1974) conducted one 
summer survey and suggested that Brevard 
County had the largest number of manatees in 
Florida, with a concentration in the Banana River; 
however, he provided no abundance estimates. 
Irvine and Campbell (1978) included Brevard 
County waters in two statewide aerial surveys 
conducted during the winter and summer of 
1976. The winter survey in January 1976 yielded 
75 manatees near two power plants in Brevard 
County. Aerial surveys of dolphins and manatees 
were also conducted in Brevard County in 1977 
by Leatherwood (1979; 6 surveys, transects 4. 6 
km apart, August 1977, Brevard, Indian River, 
and St. Lucie counties). 
The first systematic aerial surveys of the 
Banana River area were conducted by Irvine et 
al. (1979) from April 1977 through May 1978. 
These surveys indicated that manatees were 
consistently found in the area from spring 
through fall. Shane (1983, 1984) conducted aerial 
surveys that included all major waterways in 
Brevard County from January 1978 through 
February 1980 (55 twice-monthly surveys). These 
surveys showed that large numbers of manatees 
occurred in the Banana River during summer 
months, but during winter months, most animals 
aggregated at two power plants on the Indian 
River: the Orlando Utilities Commission’s 
(OUC) Indian River plant (now owned by 
Reliant Energy) and the Florida Power and Light 
Company’s (FPL) Cape Canaveral plant. 
Surveys have been conducted consistently in 
the Banana River by the National Aeronautics 
and Space Administration (NASA) since the 
early 1970s (Irvine et al., 1979; Breen, 1981; 
Shane, 1984). Provancha and Provancha (1988, 
1989) reported on NASA helicopter counts of 
manatees in the Banana River from 1984 to 1988. 
These NASA surveys continue to the present (J. 
Provancha, Dynamac Corp., unpublished data; 
FWC–FMRI CD–ROM (FWC, 2000 [data set 
AMKSC, 1977–1990]). 
Brevard County was included in year-round 
surveys of the Atlantic coast of Florida from 1985 
to 1987, from Volusia to Palm Beach counties, in a 
cooperative interagency effort (five sets of 27–30 
twice-monthly surveys covering six counties; 
Chapter 3, this volume; eight data sets on FWC–
FMRI CD–ROM [FWC, 2000]). These surveys 
also noted aggregations of manatees during 
the winter in the northern Indian River at the 
FPL and OUC power plants and at other power 
plants farther to the south and the movements 
of manatees through the study area during the 
remainder of the year. 
In addition, numerous manatee surveys at 
Brevard County power plants have been 
conducted since the late 1970s (Rose and 
Cynthia Taylor, Bruce B. Ackerman, Florida Fish and 
Wildlife Conservation Commission, Fish and Wildlife 
Research Institute, 100 Eighth Avenue S.E., St. 
Petersburg, FL 33701 USA. Present addresses: Cynthia 
R. Taylor, Research Scientist, Sea to Shore Alliance, 
4411 Bee Ridge Rd., #490, Sarasota, FL 34233 USA. B. 
Ackerman, Idaho Department of Fish and Game, P.O. Box 
25, Boise, ID 83707 USA.
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McCutcheon, 1980; Reynolds and Wilcox, 1985, 
1986, 1994; Reynolds 1993, 1994, 2003; Garrott 
et al., 1994). According to Moore (1951a) and 
Shane (1983), prior to the opening of these power 
plants in 1959 (OUC) and 1965 (FPL), manatees 
migrated south of Brevard County for the winter, 
and their winter range extended only as far north 
as the Saint Sebastian River, 75 km south of the 
FPL and OUC plants. 
These data consistently suggest that at certain 
times of year, Brevard County contains the 
largest population of manatees and experiences 
the highest manatee mortality (Ackerman et 
al., 1995) of any county in the state of Florida. 
However, it had been more than a decade since 
the whole county had been surveyed in an 
effort to describe the current distribution of the 
manatee population. To assist in the formulation 
of management plans to protect manatees from 
human interaction, a better understanding of the 
distribution of manatees in Brevard County was 
needed. 
This report summarizes the results of aerial 
surveys that were conducted in Brevard 
County by the FWC–FWRI Jacksonville Field 
Laboratory from September 1997 to September 
1999. This study was initiated to update existing 
information on manatee seasonal distribution, 
obtain minimum population estimates, document 
preferred habitat, and provide more detailed 
distribution data for management decisions. The 
raw data from these aerial survey studies are 
available in GIS format on the FWC–FMRI CD–
ROM (FWC, 2000 [data set AMBREV97; flight 
route FTBREV97]) or on the FWC website http://
ocean.floridamarine.org/mrgis/Description_
Layers_Marine.htm#marmam.
Methods
Study Area
The study area encompassed most of the coastal 
waters of Brevard County. The study area 
consisted of a portion of the Indian River Lagoon 
(IRL) system, including three main water bodies: 
Mosquito Lagoon, the Indian River Lagoon, 
and the Banana River (Map 1). Brevard County 
has the largest coastline and largest amount of 
enclosed waterways of any county discussed in 
this volume. 
Many undeveloped areas under state or federal 
management were part of the study area, 
including the Canaveral National Seashore, 
Sebastian Inlet State Park, the Banana River State 
Aquatic Preserve, the Indian River–Malabar 
to Vero Beach State Aquatic Preserve, the Saint 
Sebastian River State Buffer Preserve, and the 
Indian River Lagoon National Estuary. Adjacent 
areas conserved under federal management 
include the Kennedy Space Center (KSC) 
and Merritt Island National Wildlife Refuge 
(MINWR). 
The IRL is a long estuary behind long barrier 
islands, a “bar-bounded lagoon.” Located in 
a transitional zone between the temperate 
and tropical climate zones, it is considered 
the most diverse estuary in North America. 
Approximately 115 km of the 250-km-long 
estuary system were surveyed during this study. 
The lagoon varies from 0.8 to 8 km in width, 
and the average depth is only 1 m. The deepest 
portions of the IRL in this survey area were in 
the dredged Intracoastal Waterway (IWC). The 
IRL was the largest body of water covered during 
these surveys and includes many tributaries, 
including Turkey Creek, Crane Creek, the Eau 
Gallie River, and the Saint Sebastian River. The 
FPL and OUC power plants are located within 
3 km of each other on the western edge of the 
Indian River between Titusville and Cocoa (Map 1). 
The portion of the IRL covered during these 
surveys supports the most developed seagrass 
beds in the system, including six different 
species. Shoal-grass (Halodule wrightii) and 
manatee-grass (Syringodium filiforme) are the 
most common species; widgeon-grass (Ruppia 
maritima) is the least common and is found in 
the shallowest areas of the lagoon (Eiseman 
and McMillan, 1980). Paddle-grass (Halophila 
decipiens), star-grass (Halophila engelmannii), and 
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Johnson’s seagrass (Halophila johnsonii) are found 
in deeper waters within the estuary. 
The Banana River lagoon is a shallow estuary 
that is bordered on the east by a barrier island 
and on the west by Merritt Island, a relic barrier 
island. The northern half of the Banana River 
was not surveyed (north of Port Canaveral). This 
area comprises the KSC and the MINWR and 
has been surveyed consistently by NASA since 
the early 1970s (Irvine et al., 1979; Breen, 1981; 
Shane, 1984; Provancha and Provancha, 1988, 
1989; J. Provancha, Dynamac Corp., unpublished 
data; available on FWC, 2000, CD–ROM [data set 
AMKSC, 1977–1990]). 
Aerial Survey Protocols
Twice-monthly surveys were made from 
September 1997 to September 1999 (total of 46 
surveys), with three exceptions (Table 1): during 
March and April 1998, logistical difficulties 
dictated that only one survey be made in each 
month; and the survey made on June 25, 1998, 
the only survey made in that month, was 
discarded from further analysis because of 
extensive smoke from widespread fires. A total of 
536.0 flight hours were logged. 
Survey flights were initiated and terminated at 
Craig Airport in Jacksonville, Florida, so there 
was substantial transit time to and from the 
survey area. A standardized flight route was 
followed during each survey (Map 1). The 
entire survey required two days to complete 
because of the length of the flight route. Aerial 
surveys were conducted over likely manatee 
habitat to determine distribution. Surveys were 
typically initiated at 8:00 a.m. and terminated at 
approximately 3:00 p.m. local time each day, for 
a total two-day survey time averaging 12.6 hrs 
(including about 2 hours transit time each day). 
The second flight of the survey was always made 
within two days of the first flight to minimize the 
effect of manatee movements within the study 
area. Occasionally the entire survey was made in 
one day because of logistical factors, resulting in 
a total survey time averaging 9.4 hrs (transit time 
is reduced). 
Standard survey procedures were followed 
(Chapter 2, this volume). Surveys were 
conducted in a Cessna 172 at an altitude of about 
150 m and a ground speed of 165 km/hr. While 
circling large manatee aggregations, we flew at a 
slower speed to increase counting efficiency. The 
primary observer occupied the right front seat, 
and on occasions a secondary observer occupied 
the right rear seat. The same primary observer 
(C. Taylor) was on every flight during the study. 
Observations of both manatees and dolphins 
were recorded during the surveys, but dolphin 
data are not presented in this report. 
Results
Aerial surveys were made twice a month from 
September 1997 to September 1999 (Table 1). 
A total of 3,589 sightings of manatee groups, 
comprising 13,627 manatees, were documented 
during the 45 analyzed surveys (Table 1). A mean 
of 302.8 (SD = 170.7) manatees were observed 
per survey (Table 2; Figure 1). The highest count 
was documented during the survey made March 
17–18, 1999, when 790 manatees were observed; 
and the lowest count occurred during the survey 
made September 23–24, 1997, when 111 manatees 
were documented (Table 1; Figure 1). Compared 
to any other two-year aerial survey by FWC–
FWRI, the survey of March 17–18, 1999, had the 
longest flight time, the most manatee groups 
seen, and the highest mean and maximum counts.
Counts were high in winter (December–January, 
peaked in March, and then declined to lower, 
relatively stable levels for most of the warm 
season (April–October). Counts began to increase 
again in November. Counts were significantly 
higher (ANOVA, P = 0.03) in the cold season (n 
= 12, x̄ = 394.5, SD = 133.5, range 184–684) than 
in the warm season (n = 33, x̄ = 269.5, SD = 172.2, 
range 111–790; Table 2). Seasonal abundance was 
examined in more detail by dividing the year into 
four quarters. The mean number of manatees 
counted was highest in the winter quarter (Dec.–
February, n = 12, x̄ = 394.5, SD = 133.5, range 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Brevard County, Florida (n = 46 surveys), 
from September 1997 to September 1999. Hatched area was not surveyed (FTBREV97 data set).
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Table 1  Summary of aerial survey dates (n = 46 surveys, data set AMBREV97) and manatee counts, September 1997 to
September 1999, Brevard County, Florida. Data from the survey on June 25, 1998, were omitted from further analysis
because of smoke from forest fires.
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Table 1 Summary of aerial survey dates (n = 46 surveys, data set AMBREV97) and manatee counts, September 1997 to
September 1999, Brevard County, Florida. Data from the survey on June 25, 1998, were omitted from further analysis
because of smoke from forest fires.
Manatees
Date Adults Calves Total % Calves Quarter Comments
23–24 Sep 97 108 3 111 2.7 Fall
16 Oct 97 263 28 291 9.6 Fall
29,31 Oct 97 154 11 165 6.7 Fall
05–06 Nov 97 337 32 369 8.7 Fall
17–18 Nov 97 550 71 621 11.4 Fall
02–03 Dec 97 618 66 684 9.7 Winter
17–18 Dec 97 376 38 414 9.2 Winter
13–14 Jan 98 300 30 330 9.1 Winter
29–30 Jan 98 409 35 444 7.9 Winter Synoptic
10–11 Feb 98 395 23 418 5.5 Winter
24,25,26 Feb 98 300 36 335 10.8 Winter
24–25 Mar 98 632 48 680 7.1 Spring
27–28 Apr 98 305 19 324 5.9 Spring
20,22 May 98 325 21 346 6.1 Spring
28–29 May 98 219 13 232 5.6 Spring
25 Jun 98 16 0 16 0.0 Summer Omitted
8,10 Jul 98 134 3 137 2.2 Summer
20–21 Jul 98 129 8 137 5.8 Summer
04–05 Aug 98 232 11 243 4.5 Summer
18 Aug 98 193 6 199 3.0 Summer
02,04 Sep 98 164 8 172 4.7 Fall
23,25 Sep 98 189 10 199 5.0 Fall
14–15 Oct 98 126 7 133 5.3 Fall
26–27 Oct 98 147 14 161 8.7 Fall
12–13 Nov 98 260 18 278 6.5 Fall
23–24 Nov 98 165 10 175 5.7 Fall
09–10 Dec 98 172 12 184 6.5 Winter
22 Dec 98 335 33 368 9.0 Winter
06 Jan 99 441 33 474 7.0 Winter Synoptic 1999-1
20,22 Jan 99 308 17 325 5.2 Winter
04–05 Feb 99 220 10 230 4.4 Winter
23 Feb 99 493 35 528 6.6 Winter Synoptic 1999-2
06 Mar 99 610 43 653 6.6 Spring Synoptic 1999-3
17–18 Mar 99 754 36 790 4.6 Spring
07–08 Apr 99 227 2 229 0.9 Spring
20–21 Apr 99 243 12 255 4.7 Spring
13 May 99 133 6 139 4.3 Spring
25–26 May 99 144 7 151 4.6 Spring
16–17 Jun 99 155 11 166 6.6 Summer
29–30 Jun 99 143 4 147 2.7 Summer
06 Jul 99 245 10 255 3.9 Summer
28–29 Jul 99 136 7 143 4.9 Summer
12–13 Aug 99 218 8 226 3.5 Summer
25–26 Aug 99 277 11 288 3.8 Summer
18 Sep 99 165 7 172 4.1 Fall
28–29 Sep 99 292 14 306 4.6 Fall
Total 12,75 887 13,64 6.5 Includes 6/25/98
.
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Table 1 Summary of aerial survey dates (n = 46 surveys, data set AMBREV97) and m natee counts, S ptember 1997 to
S ptember 1 99, Brevard County, Florida. Data from the survey on June 25, 1998, were omitted from further nalysis
because of smoke from forest fires.
M natees
Date Adults Calves Total % Calves Quarter Co ments
23–24 Sep 97 108 3 11 2.7 Fall
16 Oct 97 263 28 291 9.6 Fall
29,31 Oct 97 154 11 165 6.7 Fall
05–06 Nov 97 337 32 369 8.7 Fall
17–18 Nov 97 550 71 621 11.4 Fall
02–03 Dec 97 618 66 684 9.7 Winter
17–18 Dec 97 376 38 14 9.2 Winter
13–14 Jan 98 300 30 330 9.1 Winter
29–30 Jan 98 409 35 44 7.9 Winter Synoptic
10–11 Feb 98 395 23 418 5.5 Winter
4, 5,26 Feb 98 300 36 335 10.8 Winter
24–25 Mar 98 632 48 680 7.1 Spring
27–28 Apr 98 305 19 324 5.9 Spring
0,22 May 98 325 21 346 6.1 Spring
28–29 May 98 219 13 32 5.6 Spring
25 Jun 98 16 0 16 0.0 Su mer Omitted
8,10 Jul 98 134 3 137 2.2 Su mer
20–21 Jul 98 129 8 137 5.8 Su mer
04–05 Aug 98 32 11 243 4.5 Su mer
18 Aug 98 193 6 199 3.0 Su mer
2,04 Sep 98 164 8 172 4.7 Fall
3,25 Sep 98 189 10 199 5.0 Fall
14–15 Oct 98 126 7 133 5.3 Fall
26–27 Oct 98 147 14 61 8.7 Fall
12–13 Nov 98 260 18 278 6.5 Fall
23–24 Nov 98 165 10 175 5.7 Fall
09–10 Dec 98 172 12 184 6.5 Winter
22 Dec 98 335 33 368 9.0 Winter
06 Jan 99 441 33 74 7.0 Winter Synoptic 1 99-1
0,22 Jan 99 308 17 325 5.2 Winter
04–05 Feb 99 220 10 230 4.4 Winter
23 Feb 99 493 35 528 6.6 Winter Synoptic 1 99-2
06 Mar 99 610 43 653 6.6 Spring Synoptic 1 99-3
17–18 Mar 99 754 36 790 4.6 Spring
07–08 Apr 99 227 2 229 0.9 Spring
20–21 Apr 99 243 12 255 4.7 Spring
13 May 99 133 6 139 4.3 Spring
25–26 May 99 144 7 51 4.6 Spring
16–17 Jun 99 155 11 166 6.6 Su mer
29–30 Jun 99 143 4 147 2.7 Su mer
06 Jul 99 245 10 255 3.9 Su mer
28–29 Jul 99 136 7 143 4.9 Su mer
12–13 Aug 99 218 8 226 3.5 Su mer
25–26 Aug 99 277 11 288 3.8 Su mer
18 Sep 99 165 7 172 4.1 Fall
28–29 Sep 99 92 14 306 4.6 Fall
Total 12,75 887 13,64 6.5 Includes 6/25/98
.
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Table 1 Su ary of aerial survey dates (n = 46 surveys, data set AMBREV97) and manate  counts, September 1 7 to
September 1 , Brevard County, Florida. Data from the survey on June 25, 1 8, were omitted from further analy i
because of smoke from forest fires.
Manat s
Date Adults Calves Total % Calves Quarter Comments
23–24 Sep 97 108 3 2.7 Fall
16 Oct 97 263 28 291 9.6 Fall
29,31 Oct 97 154 165 6.7 Fall
05–06 Nov 97 7 32 369 8.7 Fall
17–18 Nov 97 0 71 621 .4 Fall
02–03 Dec 97 618 684 9.7 Winter
17–18 Dec 97 376 38 414 9.2 Winter
13–14 Jan 98 3 30 0 9.1 Winter
29–30 Jan 98 409 35 7.9 Winter Synoptic
10– Feb 98 395 23 418 5.5 Winter
24,25,26 Feb 98 3 36 5 10.8 Winter
24–25 Mar 98 632 48 680 7.1 Spring
27–28 Apr 98 305 19 324 5.9 Spring
20, May 98 325 21 346 6.1 Spring
28–29 May 98 219 13 232 5.6 Spring
25 Jun 98 16 0 16 0.0 Summer Omitted
8,10 Jul 98 134 3 137 2.2 Summer
20–21 Jul 98 129 8 137 5.8 Summer
04–05 Aug 98 232 243 4.5 Summer
18 Aug 98 193 6 1 3.0 Summer
02,04 Sep 98 164 8 172 4.7 Fall
23,25 Sep 98 189 10 1 5.0 Fall
14–15 Oct 98 126 7 1 5.3 Fall
26–27 Oct 98 147 14 161 8.7 Fall
12–13 Nov 98 260 18 278 6.5 Fall
23–24 Nov 98 165 10 175 5.7 Fall
09–10 Dec 98 172 12 184 6.5 Winter
Dec 98 5 368 9.0 Winter
06 Jan 1 474 7.0 Winter Synoptic 1 -1
20, Jan 308 17 325 5.2 Winter
04–05 Feb 0 10 230 4.4 Winter
23 Feb 493 35 528 6.6 Winter Synoptic 1 -2
06 Mar 610 43 653 6.6 Spring Synoptic 1 -3
17–18 Mar 754 36 790 4.6 Spring
07–08 Apr 7 2 9 0.9 Spring
20–21 Apr 243 12 2 4.7 Spring
13 May 1 6 139 4.3 Spring
25–26 May 1 7 151 4.6 Spring
16–17 Jun 1 1 6.6 Summer
29–30 Jun 143 4 147 2.7 Summer
06 Jul 245 10 2 3.9 Summer
28–29 Jul 136 7 143 4.9 Summer
12–13 Aug 218 8 6 3.5 Summer
25–26 Aug 2 2 3.8 Summer
18 Sep 165 7 172 4.1 Fall
28–29 Sep 292 14 306 4.6 Fall
Total 12,75 7 13,64 6.5 Includes 6/25/98
184–684), followed by spring (March–May, n 
= 10, x̄ = 379.9, SD = 237.5, range 139–790), fall 
(September–November, n = 13, x̄ = 242.5, SD 
= 137.0, range 111–621), and summer (June–
August, n = 10, x̄ = 194.1, SD = 55.9, range 137–
288). Winter and spring counts were significantly 
higher than summer counts (ANOVA, P = 0.007) 
(Table 2). Counts in fall did not differ statistically 
from those in any other season. 
The number of groups of manatees seen per two-
day survey ranged from 23 to 140, averaging 
79.8. The mean number of groups was highest 
during the spring (103.7) and lowest during the 
winter quarter (55.5) because group sizes were 
larger during the cold months. Many sightings 
(43.8%) were of solitary individuals. Mean 
group size during all surveys was 3.8 (n = 3,589 
groups, SD = 9.9, median = 2, 95th percentile = 
9, maximum = 168 manatees). Mean group size 
varied by quarter and was highest in the winter 
(7.2) and lowest during the summer (2.5). 
Of the total number of manatees observed, 887 
(5.9%) were calves. Mean calf percentages varied 
by month and by season. Mean calf percentage 
was highest during December (8.6%, SD = 1.4) 
and lowest during August (3.7%, SD = 0.6). Calf 
percentages were highest during the winter 
quarter (7.6%, SD = 2.0) and lowest during the 
summer (4.1%, SD = 1.4). 
The mean number of manatees observed per 
survey year-round in the Indian River Lagoon 
and its tributaries was 189.5 (62.6% of all 
manatees observed) and in the southern half 
of the Banana River lagoon, 108.0 (35.7%). The 
Mosquito Lagoon had only 2.4 manatees per 
survey (0.8% of all manatees observed). During 
the winter quarter, 62.5% of the manatees 
observed were within an 8-km radius of the 
FPL and OUC power plants on the Indian River, 
and 21.7% were in the Banana River (Map 2). 
Concentrations of manatees in winter in the 
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Figure 1  Number of manatees observed per survey and mean (n = 
45 surveys, data set AMBREV97), by month, September 1997 to 
September 1999, Brevard County, Florida.
Table 2  Manatee aerial-survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season (n = 45
surveys, data set AMBREV97), September 1997 to September 1999, Brevard County, Florida. Mean counts that are not 
significantly different have the same letter in the column titled Difference of Means.
.
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l  2 Manatee aerial-survey counts (mean, mini u , maxi um, SD, median, d analysis of variance), by season 
(n = 45 surveys, data set AMBREV97), September 1997 to September 1999, Brevard C unty, Florida. Mean counts that are
not significantly different have th  same letter in the column titled Differenc  of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 45 302.8 111 790 170.7 255 – 5.9
Season 
Warm (Mar.–Nov.) 33 269.5 111 790 172.2 226 B 5.3
Cold (Dec.–Feb.) 12 394.5 184 684 133.5 391 A 7.6
r2 = 0.11, F = 5.16, df = 1,43, P = 0.028
Quarter 
Spring (Mar.–May) 10 379.9 139 790 237.5 289.5 A 5.0
Summer (Jun.–Aug.) 10 194.1 137 288 55.9 182.5 B 4.1
Fall (Sep.–Nov.) 13 242.5 111 621 137.0 175 AB 6.4
Winter (Dec.–Feb.) 12 394.5 184 684 133.5 391 A 7.6
r2 = 0.25, F = 4.65, df = 3,41, P = 0.007
(C. Taylor) was on every flight during the study. Ob-
servations of both manatees d dolphins were
recorded during the surv ys, but dolphin data are not
presented in this report.
Results
Aerial surveys were made twice a month from Sep-
tember 1997 to September 1999 (Table 1). A total of 3,589
sightings of manatee groups, comprising 13,627 man-
atees, were documented during the 45 analyzed sur-
veys (Table 1). A mean of 302.8 (SD = 170.7) manatees
were observed per survey (Table 2; Figure 1).The high-
est count was documented during the survey made
March 17–18, 1999, when 790 manatees were observed;
and the lowest count occurred during the survey made
September 23–24, 1997, when 111 manatees were doc-
umented (Table 1; Figure 1). C mpared to any ot er
two-year aerial survey by FWC–FWRI, the survey of
March 17–18, 1999, had the longest flight time, the
most manatee groups seen, and the highest mean and
maximum counts.
Counts were high in winter (December–January,
peaked in March, and then declined to lower, rela-
tively st ble level  for most of the warm season
(April–October). Counts began to increase again in
November. Counts were significantly higher (ANOVA,
P = 0.03) in the cold season (n = 12, x¯ = 394.5, SD = 133.5,
range 184–684) than in the warm season (n = 33, x¯ =
269.5, SD = 172.2, range 111–790; Table 2). Seasonal
abu ance was examined in more detail by dividing
the year i to four quarters.Th  mean number of man-
atees counted was highest in the winter quarter
(Dec.–February, n = 12, x¯ = 394.5, SD = 133.5, range
184–684), followed by spring (March–May, n = 10, x¯ =
379.9, SD = 237.5, rang  139–790), f ll (September–No-
vember, n = 13, x¯ = 242.5, SD = 137.0, range 111–621),
and summer (June–August, n = 10, x¯ = 194.1, SD = 55.9,
range 137–288). Winter and spring counts were sig-
nificantly higher than summer counts (ANOVA, P =
0.007) (Table 2). Counts in fall did not differ statistically
from those in any other season.
The number of groups of manatees en per two-
day survey ranged from 23 to 140, averaging 79.8.The
mean number of groups was highest during the spring
(103.7) and lowest during the winter quarter (55.5) be-
cause group sizes were larger during the cold months.
Many sightings (43.8%) were of solitary individuals.
Mean group size during all surveys was 3.8 (n = 3,589
Figure 1 Number of manatees observed per survey and mean 
(n = 45 surveys, data set AMBREV97), by month, September 1997
to September 1999, Brevard County, Florida.
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Map 2  Cold-season sightings of manatees during aerial surveys in Brevard County, Florida (December–February; n = 
12 surveys), from September 1997 to September 1999. Hatched area was not surveyed (FTBREV97 data set).
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Map 3  Warm-season sightings of manatees during aerial surveys in Brevard County, Florida (March–November; n = 
33 surveys), from September 1997 to September 1999. Hatched area was not surveyed (FTBREV97 data set).
Indian River were near the two power plants and 
at the Saint Sebastian River and the C-54 canal 
(deep canal, fresh water). 
During the spring (56.1%) and summer (55.1%), 
more than half of the manatee sightings were 
in the Banana River (Map 3). In the warm 
season, concentrations in the Banana River were 
generally in residential canals and marinas (at 
Cocoa Beach, the Cocoa Beach sewage treatment 
plant [freshwater], and canals at South Patrick 
and Satellite Beach). Tributaries of the Indian 
River, (including Turkey Creek, Crane Creek, the 
Eau Gallie River), and the Saint Sebastian River 
were also used. 
Manatee behavior was recorded for 88% of the 
groups seen. Behavior was recorded as traveling 
(with direction), resting (bottom or surface), 
feeding, cavorting, and very rarely milling or 
drinking. The most frequent behavior was resting 
(47.0%), followed by traveling (32.6%), feeding 
(12.1%), and cavorting (7.4%). 
Discussion
Aerial survey counts represent a minimum count 
for the area covered. These surveys show that 
Brevard County supports a substantial number 
of manatees and probably has at times the largest 
manatee population of any county in Florida. 
The high count of 790 manatees on March 
17–18, 1998, was at that time the largest number 
of manatees ever counted during a survey in 
one county and represented 24% of the highest  
minimum count of 3,276 manatees at the time of 
the January 2001 synoptic survey. These results 
indicate that Brevard County is very important 
critical manatee habitat for the Atlantic Coast 
subpopulation. 
Mean counts were highest in winter (394.5), 
followed closely by spring (379.9), then fall 
(242.5), and finally summer (194.1). The highest 
monthly mean was in March (707.6); it was much 
higher than any of the means from November 
to February (360.8 to 412.5). The high winter 
counts highlight the importance of the warm-
water refuges at the FPL and OUC power plants 
on the Indian River (Shane, 1983, 1984; Reynolds 
and Wilcox, 1994; Deutsch et al., 2003). The high 
counts in early spring and late fall–early winter 
probably result from the influx of manatees 
migrating north into and through Brevard 
County during the spring and migrating back 
south to warmer water during the fall. Manatees 
apparently make a stopover there in spring, 
before migrating farther north (Provancha and 
Provancha, 1988; Deutsch, 2000; Deutsch et al., 
2003). The very high counts in March surveys 
(653–790) were due to the arrival of migrants 
from the south before the manatees wintering 
in Brevard left for their summer territory in 
northeastern Florida and Georgia. The combined 
numbers of year-round residents, wintering 
manatees, and arriving migrants make for very 
high spring counts. 
The lowest counts were observed during 
the summer months and coincided with the 
maximum dispersal of manatees throughout the 
Atlantic coast of Florida and Georgia. However, 
it should be noted that these relatively “low” 
mean counts in summer (x̄ = 194.1, range 137–
288) are actually higher than the mean counts in 
any quarter in any other county except during 
the winter quarter in Lee County (Chapter 15, 
this volume). 
These findings are corroborated by previous 
studies conducted in Brevard County. Shane 
(1983, 1984) noted that during the warm months, 
most manatees counted during aerial surveys 
were in the Banana River and in the Indian River 
between Titusville and Rockledge. During the 
winter months, she noted that most manatees 
in the study area aggregated in the warm-water 
effluents of the FPL and OUC power plants. 
In addition, Shane (1983, 1984) noted that the 
highest aerial-survey counts were recorded in 
March during each year of her study, which 
coincides with the highest count during this 
survey of 790 manatees on March 17–18, 1999. 
Reynolds and Wilcox (1994) suggested that 
during cold winters, most manatees moved 
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to south Florida (i.e., Miami-Dade, Broward, 
and Palm Beach counties); however, during 
prolonged warm periods during winter, these 
animals may redistribute farther north (i.e., 
Martin, St. Lucie, Indian River, and Brevard 
counties; Deutsch et al., 2003). They suggested 
that intense late-winter cold fronts (late February 
to early March) would cause manatees to 
aggregate at the nearest warm-water refuge. 
The number of manatees counted in Brevard 
County has increased through time. Irvine and 
Campbell (1978) counted 75 manatees after a 
cold front in January 1976. Shane (1983) obtained 
a maximum count of 245 manatees during 
surveys in 1978–1980 (n = 55 surveys year-round, 
mean about 100 [count not provided, estimated 
from her figure 2], range 43–245). The highest 
combined count in the 1985–1987 interagency 
surveys was 317 manatees (Brevard County 
only; n = 28 sets of flights year-round, x̄ = 179.4 
manatees, range 12 in January 1986 to 317 in 
April 1986; Chapter 6, this volume). During this 
study (1997–1999), the mean of 45 year-round 
counts was 302.8 manatees, and the maximum 
count was 790. Provancha and Provancha (1988, 
1989) reported increases in manatee counts in the 
Banana River from 1977 to 1988. 
The number of manatees counted at the two 
Brevard County power plants has also increased. 
Shane (1984) noted a high count of 106 animals 
at the FPL and OUC plants combined during the 
winters of 1978–1980. Reynolds and Wilcox (1985, 
1986, 1994) presented data from 1982–1992 and 
noted a high count of 229 animals at both plants 
during the winter of 1988–1989. Subsequently, 
Reynolds (2003) reported a record count of 585 
manatees during the power plant survey at the 
two Brevard power plants on December 8, 1997. 
The highest count in this study at the two power 
plants occurred five days earlier (439 manatees, 
December 3, 1997) and counts of more than 300 
manatees at the two plants were made during 
eight surveys in this study. 
These data alone cannot be used to demonstrate 
an increase in the total Atlantic Coast manatee 
population or in the number of manatees using 
these two power plants. Garrott et al. (1994) 
noted an increase in the number of animals 
using Atlantic Coast power plants over eight 
years (1981–1990). They stated that manatees 
at the Brevard FPL and OUC power plants 
were historically difficult to count because of 
the turbid water and surface foam (especially 
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Manatees at a thermal discharge near the FPL Cape Canaveral power plant, Brevard County.
at OUC) present at the discharge. However, 
during the mid-1980s, the Brevard power plants 
underwent major operational changes that 
improved the sighting conditions at the plants 
(Reynolds and Wilcox, 1994). The amount of hot 
water produced was apparently increased in the 
late 1990s. 
Therefore, it is possible that the counts of 
manatees at the plants have increased in 
part because of changes in plant operations, 
improved sighting conditions, or both. Other 
trend analyses (Garrott et al., 1994; Craig et al., 
1997) and population models (Runge et al., 2004) 
have suggested increases in the Atlantic Coast 
subpopulation.
The percentage of calves documented during 
these surveys (5.9%) was lower than percentages 
noted by Shane (8.8%; 1983) over the course of 
two years, and by Leatherwood (9. 9%; 1979) 
during six surveys on consecutive days in 
August 1979. Calf percentages varied among 
months in this study. The highest percentage 
was 8.6% in December, the lowest 3.7% in 
August. The lowest number of calves occurred 
in summer, and the highest number of calves 
was observed in winter, possibly because of the 
large number of mother–calf pairs aggregating at 
warm-water sources at the FPL and OUC power 
plants. It is also possible that winter calf counts 
are less accurate than summer counts because of 
the difficulty of identifying mother–calf pairs in 
the large aggregations of manatees commonly 
observed during winter months. 
The northern portion of the Banana River (KSC) 
was not surveyed during this study. It has been 
surveyed by NASA since the early 1970s (Irvine 
et al., 1979; Breen, 1981; Shane, 1984; Provancha 
and Provancha, 1988, 1989; J. Provancha, 
Dynamac Corp., unpublished data). For security 
reasons, this area has very limited access by 
aircraft and boats. Large numbers of manatees 
use the area, especially in spring. Counts were 
made from helicopters by NASA one or two 
times per month but rarely in winter. The highest 
count in the northern Banana River during the 
same time-period as this study was 349 manatees 
on March 23, 1999 (n = 30 surveys, September 
1997 to September 1999; J. Provancha and R. 
(Reddick) Cancro, unpublished data). Higher 
counts have been recorded more recently. Counts 
from the FWC–FWRI and the NASA aerial 
studies were compared when flights were made 
within one to two days. The highest pooled count 
in the two study areas occurred on March 24–25, 
1998: FWC–FWRI counted 680 manatees (March 
24–25) and NASA counted 333 (March 25), for 
a total of 1,013 manatees. Both counts were 
close to the highest counts in their respective 
studies. This total represents 60.0% of the highest 
synoptic count (1,687, January 21, 2003) made of 
the Atlantic subpopulation. 
Managers can use the data collected during 
this study to effectively protect manatees while 
they are in Brevard County waters. The distinct 
seasonal distribution of manatees within the 
county should be considered when developing 
protection plans. Because of the high number of 
manatees documented in Brevard County, as well 
as the high number of manatee mortalities within 
the county, manatee conservation issues should 
be a top priority. 
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A sea cow and calf graze on hydrilla (Hydrilla 
verticillata), a nonnative invasive plant. © Tom Scott.
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Chapter 6__________
Seasonal Manatee Distribution in Six 
East Coast Counties, Florida, 1985–1987
Bruce B. Ackerman
Introduction 
This chapter describes aerial surveys of seasonal 
manatee distribution on the east coast of Florida 
from December 1985 to January 1987. Six adjacent 
counties were surveyed: Volusia, Brevard, Indian 
River, St. Lucie, Martin, and Palm Beach counties.
Early observations suggested that these counties 
were very important habitat for manatees (Bangs, 
1895; Moore, 1953; Hartman, 1974; Beeler and 
O’Shea, 1988). Hartman (1974) conducted one 
statewide survey in the summer of 1974 and 
described manatee use in these counties. Irvine 
and Campbell (1978) coordinated two statewide 
aerial surveys during the winter and summer of 
1976. Manatee counts after a cold front in January 
1976 in each county were Volusia 0, Brevard 75, 
Indian River 22, St. Lucie 36, Martin 35, and Palm 
Beach 62 manatees. Leatherwood (1979) made 
aerial transect surveys for dolphins and manatees 
in Brevard, St. Lucie, and Martin counties on 
six consecutive days in August 1977 (transects 
4.6 km apart). Winter counts at seven Atlantic 
coast power plants have been made since 1977 
by Rose and McCutcheon (1980), Shane (1984), 
Reynolds and Wilcox (1985, 1986, 1987, 1994), 
and Reynolds (2003).
Prior to the study reported here, few year-
round surveys of manatee distribution had been 
conducted in Florida. Surveys were conducted 
in Volusia (1982–83, 1985) and Brevard (1977–81, 
1984–85) counties, but no surveys of manatee 
distribution had been made in Indian River, St. 
Lucie, Martin, or Palm Beach counties. Similarly, 
at the time of this study, no radio tracking of 
manatees had been done on the east coast.
In Volusia County, Kinnaird (1985) made twice-
monthly distribution surveys from July 1982 to 
June 1983 covering the Atlantic coast waterways 
from Nassau to Volusia counties. The Tomoka 
River was surveyed by FWC (then Florida 
Department of Natural Resources [FDNR]) from 
May 1985 to December 1985 (B. Weigle, FWC, 
unpublished data).
In Brevard County, Irvine et al. (1979) of the 
U.S. Fish and Wildlife Service (USFWS) flew 
systematic aerial surveys of the Banana River 
area from April 1977 through May 1978. Shane 
(1983) made twice-monthly surveys of the Indian 
and Banana rivers from January 1978 through 
February 1980. Breen (1981) surveyed manatees 
in the Banana River once per month by helicopter 
from March 1980 to March 1981. Provancha 
and Provancha (1988, 1989) made helicopter 
surveys of the northern Banana River in the 
Kennedy Space Center (KSC) from 1984 to 1988. 
These NASA surveys continue to the present (J. 
Provancha, Dynamac Corp., unpublished data; 
FWC–FMRI CD–ROM (FWC, 2000 [data set 
AMKSC, 1977–1990]).
In Martin and Palm Beach counties, Packard 
(1981) surveyed Hobe and Jupiter sounds in 
winter (25 surveys, December 1980 to February 
1981) to document manatee use of seagrass. 
Similarly, Lefebvre and Powell (1990) made 
27 surveys of manatees and seagrass from 
December 1988 to March 1989.
The Florida Game and Fresh Water Fish
Commission (GFC, since merged into the FWC) 
Bruce B. Ackerman, Florida Fish and Wildlife 
Conservation Commission, Fish and Wildlife 
Research Institute, 100 Eighth Avenue S.E., St. 
Petersburg, FL 33701 USA. Present address: Idaho 
Department of Fish and Game, P.O. Box 25, Boise, ID 
83707 USA.
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conducted 15 surveys from September 1981 to 
March 1985 in Palm Beach, St. Lucie, 
Okeechobee, Glades, and Lee counties 
(irregular intervals, up to five surveys per year; 
unpublished data summarized in Beeler and 
O’Shea, 1988). Flights covered the Intracoastal 
Waterway from Fort Lauderdale to the St. 
Lucie Inlet, then up the St. Lucie Canal to Lake 
Okeechobee and west to the Caloosahatchee 
River in Fort Myers. Counts were 1–8 manatees 
per flight in Martin County and 1–95 manatees in 
Palm Beach County (Beeler and O’Shea, 1988).
Methods
Study Area
The study area was divided into five survey 
segments from north to south (Maps 1, 2; 
Table 1). In most cases, inland rivers were not 
surveyed—exceptions were portions of the 
Tomoka River in Volusia County, the Saint 
Sebastian River in Brevard and Indian River 
counties, and the Loxahatchee River in Palm 
Beach County. Each inlet to the Atlantic Ocean 
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Atlantic shoreline was not. These study areas are de-
scribed in other chapters in this volume: Volusia County,
Chapter 3; Brevard County, Chapter 5; St. Lucie and
Martin counties, Chapter 8; and Palm Beach County,
Chapter 9.The five survey segments, the names of the
eight GIS coverages (FWC, 2000), and the counties and
water bodies that they included are listed in Table 1.
Aerial Survey Protocols
Aerial surveys were conducted twice per month on the
east coast of Florida from December 1985 to January
1987 (Table 1). Six observers from four agencies formed
four teams to conduct coordinated surveys. Five sur-
vey routes covered six adjacent counties (Volusia, Bre-
vard, Indian River, St. Lucie, Martin, and Palm Beach
counties). One team covered two routes on consecu-
tive days (segments 1 and 2).
Each of the four survey teams used standardized
survey protocols for the twice-monthly surveys (Chap-
ter 2, this volume; Ackerman, 1995). Routes are shown
on Maps 1 and 2. Most of the routes are typical of dis-
tribution studies elsewhere (Ackerman, 1995): along
shorelines and channels. However, the northern Indian
River route (segment 1) was covered in a series of
east–west transects using the identical route and pro-
tocols as Shane (1983). During the surveys, the ob-
servers also collected data on boat traffic and
boater-activity patterns.
The coordinated aerial surveys were conducted 30
times in 14 months, from December 3–6, 1985, to Janu-
ary 12–16, 1987 (Tables 2–8). The goal was for the four
Table 1 Details of interagency aerial surveys (n = 30 surveys on 5 flight segments) of manatees on the Atlantic Coast of
Florida (Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties) from December 1985 to January 1987,
including counties and water bodies covered, survey dates, names of observers and their affiliations, and GIS coverage names
for the eight data sets.The coordinated aerial surveys were made from January 13–15, 1986, to January 12–16, 1987 (n = 27
surveys).
Segment 1 Segment 2 Segment 3 Segment 4 Segment 5
Counties Volusia N. Brevard S. Brevard S. Brevard St. Lucie
N. Brevard Indian River Martin
St. Lucie Palm Beach
Landmarks Titusville – Cocoa to Grant to Fort Pierce to
to Cocoa Grant Fort Pierce Riviera Beach
Water bodies Tomoka River Banana River N. Indian River S. Indian River S. Indian River 
Halifax River Banana Creek Lagoon Lagoon Lagoon
Mosquito Intracoastal
Lagoon Waterway
N. Indian River
Lagoon
Dates 12/3/85–1/13/87 12/4/85–1/14/87 1/2/86–1/15/87 12/6/85–1/12/87 1/14/85–1/14/87
Number of 30 30 27 28 27
Surveys
Observers Bob Bonde Bob Bonde Bob Day Brad Weigle Stuart Marcus
Beth Beeler Beth Beeler Patty
Wright Wright Carbonara
Affiliation USFWS USFWS Brevard Co. FWC USFWS
Sirenia Project Sirenia Project FWC Hobe Sound
NWR
GIS Coverage AMWTK AMBAN AMBREV AMII AMEMC
Names— AMTMK
Manatee AMHALX
Sightings AMIR
GIS Coverage FTWTK FTBAN FTBREV FTII FTEMC
Names— FTTMK
Flight Route FTHALX, FTIR
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Table 1  Details of interagency erial surveys (n = 30 surveys on 5 flight segments) of manate s on the Atlantic Coast of Florida 
(Vo s a, Brevard, Indian River, St. Luci , Martin, and Palm Beach c unties) from D cember 1985 to January 1987, including 
counties and water bodies covered, survey dates, names of observers and their affiliations, and GIS coverage names for the eight data 
sets.The coordinated aerial surveys were made from January 13–15, 1986, to January 12–16, 1987 (n = 27 surveys).
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Map 1  Northern section of the study area covered during aerial surveys of manatee distribution on the Atlantic coast 
of Florida (Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties) from December 1985 to January 
1987. Survey routes correspond to eight GIS coverages (see Table 1).
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Map 2  Southern section of the study area covered during aerial surveys of manatee distribution on the Atlantic coast of 
Florida (Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties) from December 1985 to January 
1987. Survey routes correspond to eight GIS coverages (see Table 1).
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Map 3  Cold-season sightings of manatees during aerial surveys in the northern section of the Atlantic coast study area 
(Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties; December–February; n=11 surveys) from 
December 1985 to January 1987.
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Map 4  Cold-season sightings of manatees during aerial surveys in the southern section of the Atlantic coast study area 
(Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties; December–February; n=11 surveys) from 
December 1985 to January 1987.
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Map 5  Warm-season sightings of manatees during aerial surveys in the northern section of the Atlantic coast study 
area (Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties; March–November; n=19 surveys) 
from December 1985 to January 1987.
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Map 6  Warm-season sightings of manatees during aerial surveys in the southern section of the Atlantic coast study 
area (Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties; March–November; n=19 surveys) 
from December 1985 to January 1987.
was surveyed, but the Atlantic shoreline was not. 
These study areas are described in other chapters 
in this volume: Volusia County, Chapter 4; 
Brevard County, Chapter 5; St. Lucie and Martin 
counties, Chapter 8; and Palm Beach County, 
Chapter 9. The five survey segments, the names 
of the eight GIS coverages (FWC, 2000), and the 
counties and water bodies that they included are 
listed in Table 1.
Aerial Survey Protocols
Aerial surveys were conducted twice per month 
on the east coast of Florida from December 1985 
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teams to cover the five routes in two days. However, not
all teams were able to participate on the first three
flights. All of the teams flew together from January
13–15, 1986, to January 12–16, 1987 (n = 27 sets).The five
segments of each survey were completed within a span
of two to nine days, but typically within three to four
days (20 of 30 sets).When a longer time-period elapsed,
usually only one or two of the segments were delayed,
and most of the segments were conducted in the two-
to three-day time span.The northern team always cov-
ered segments 1 and 2 on consecutive days. Of these 27
full sets of flights, only two of 135 segments were missed
(Tomoka River on February 12, 1986, and south Brevard
County on February 25, 1986), and these would prob-
ably have resulted in few sightings.
Two of these survey routes we e part of longer
Table 2 Summary of aerial survey dates (n = 41 surveys)
and manatee counts in the Tomoka River (segment 1),Volusia
County, Florida, May 1985 to December 1987 (AMWTK,
AMTMK data sets).
Manatees %
Date Adults Calves Total Calves Quarter
06 May 85 0 0 0 – Spring
16 May 85 9 0 9 0.0 Spring
04 Jun 85 1 0 1 0.0 Summer
25 Jun 85 1 0 1 0.0 Summer
10 Jul 85 1 0 1 0.0 Summer
24 Jul 85 0 0 0 – Summer
05 Aug 85 4 1 5 20.0 Summer
19 Aug 85 0 0 0 – Summer
09 Sep 85 5 1 6 16.7 Fall
14 Oct 85 0 0 0 – Fall
17 Nov 85 0 0 0 – Fall
30 Nov 85 1 0 1 0.0 Fall
03 Dec 85 0 0 0 – Winter
19 Dec 85 1 0 1 0.0 Winter
31 Dec 85 0 0 0 – Winter
13 Jan 86 0 0 0 – Winter
24 Jan 86 0 0 0 – Winter
26 Feb 86 0 0 0 – Winter
12 Mar 86 0 0 0 – Spring
25 Mar 86 0 0 0 – Spring
09 Apr 86 0 0 0 – Spring
22 Apr 86 3 0 3 0.0 Spring
05 May 86 7 1 8 12.5 Spring
21 May 86 8 0 8 0.0 Spring
04 Jun 86 2 2 4 50.0 Summer
17 Jun 86 1 0 1 0.0 Summer
01 Jul 86 2 0 2 0.0 Summer
15 Jul 86 0 0 0 – Summer
29 Jul 86 0 0 0 – Summer
12 Aug 86 0 0 0 – Summer
26 Aug 86 2 0 2 0.0 Summer
09 Sep 86 0 0 0 – Fall
24 Sep 86 0 0 0 – Fall
07 Oct 86 0 0 0 – Fall
21 Oct 86 0 0 0 – Fall
05 Nov 86 1 0 1 0.0 Fall
18 Nov 86 0 0 0 – Fall
04 Dec 86 0 0 0 – Winter
16 Dec 86 0 0 0 – Winter
29 Dec 86 0 0 0 – Winter
13 Jan 87 0 0 0 – Winter
Total 49 5 54 6.2
Table 3 Summary of aerial survey dates (n = 30 surveys)
and manatee counts, in the Halifax River and Mosquito
Lagoon (segment 1),Volusia and Brevard counties, Florida,
December 1985 to January 1987 (AMHALX data set).
Manatees %
Date Adults Calves Total Calves Quarter
03 Dec 85 0 0 0 – Winter
19 Dec 85 1 1 2 50.0 Winter
31 Dec 85 1 0 1 0.0 Winter
13 Jan 86 0 0 0 – Winter
24 Jan 86 0 0 0 – Winter
12 Feb 86 0 0 0 – Winter
26 Feb 86 0 0 0 – Winter
13 Mar 86 5 0 5 0.0 Spring
26 Mar 86 6 2 8 25.0 Spring
09 Apr 86 12 3 15 20.0 Spring
22 Apr 86 8 0 8 0.0 Spring
05 May 86 4 0 4 0.0 Spring
21 May 86 2 1 3 33.3 Spring
04 Jun 86 1 0 1 0.0 Summer
17 Jun 86 21 1 22 4.5 Summer
01 Jul 86 7 0 7 0.0 Summer
15 Jul 86 4 0 4 0.0 Summer
29 Jul 86 7 0 7 0.0 Summer
12 Aug 86 0 0 0 – Summer
26 Aug 86 2 0 2 0.0 Summer
09 Sep 86 7 0 7 0.0 Fall
24 Sep 86 7 1 8 12.5 Fall
07 Oct 86 10 0 10 0.0 Fall
21 Oct 86 1 0 1 0.0 Fall
05 Nov 86 2 0 2 0.0 Fall
18 Nov 86 1 0 1 0.0 Fall
04 Dec 86 0 0 0 – Winter
16 Dec 86 0 0 0 – Winter
29 Dec 86 0 0 0 – Winter
13 Jan 87 1 0 1 0.0 Winter
Total 110 9 119 6.9
.
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teams t  cover the five routes in two days. However, not
all teams were able to participate on the first three
flights. All of th  teams flew tog ther from January
13– 5, 1986, to January 12– 6, 1987 (n = 27 ets).The five
segments of each survey were completed within a sp n
of tw  to nine days, but typically w thin t ree t  four
days (20 of 30 ets).When a longer tim -period elapsed,
usually only one or two of th  segments wer  delayed,
and most of th  segments were conducted in the two-
to three-day time span.The northern team always cov-
ered segments 1 and 2 on consecutive days. Of these 27
full ets of flights, only two of 135 segments were missed
(T moka River on February 2, 1986, and south Brevard
County on February 25, 1986), and these would prob-
ably hav  resulted in f w sightings.
Two of he e survey routes were part of longer
Table 2 Summary of aerial survey dates (n = 41 surveys)
and manatee counts in the T moka River (segment 1),Volusia
County, Florida, May 1985 to December 1987 (AMWTK,
A TMK data sets).
M natees %
Date Adults Calves Total Calves Qua ter
06 May 85 0 0 0 – Spring
16 May 85 9 0 9 0.0 Spring
04 Jun 85 1 0 1 0.0 Summer
25 Jun 85 1 0 1 0.0 Summer
10 Jul 85 1 0 1 0.0 Summer
24 Jul 85 0 0 0 – Summer
05 Aug 85 4 1 5 20.0 Summer
19 Aug 85 0 0 0 – Summer
09 Sep 85 5 1 6 16.7 Fall
14 Oct 85 0 0 0 – Fall
17 Nov 85 0 0 0 – Fall
30 Nov 85 1 0 1 0.0 Fall
03 Dec 85 0 0 0 – Winter
19 Dec 85 1 0 1 0.0 Winter
31 Dec 85 0 0 0 – Winter
13 Jan 86 0 0 0 – Winter
24 Jan 86 0 0 0 – Winter
26 Feb 86 0 0 0 – Winter
12 Mar 86 0 0 0 – Spring
25 Mar 86 0 0 0 – Spring
09 Apr 86 0 0 0 – Spring
22 Apr 86 3 0 3 0.0 Spring
05 May 86 7 1 8 12.5 Spring
21 May 86 8 0 8 0.0 Spring
04 Jun 86 2 2 4 50.0 Summer
17 Jun 86 1 0 1 0.0 Summer
01 Jul 86 2 0 2 0.0 Summer
15 Jul 86 0 0 0 – Summer
29 Jul 86 0 0 0 – Summer
12 Aug 86 0 0 0 – Summer
26 Aug 86 2 0 2 0.0 Summer
09 Sep 86 0 0 0 – Fall
24 Sep 86 0 0 0 – Fall
07 Oct 86 0 0 0 – Fall
21 Oct 86 0 0 0 – Fall
05 Nov 86 1 0 1 0.0 Fall
18 Nov 86 0 0 0 – Fall
04 Dec 86 0 0 0 – Winter
16 Dec 86 0 0 0 – Winter
29 Dec 86 0 0 0 – Winter
13 Jan 87 0 0 0 – Winter
Total 49 5 54 6.2
Table 3 Summary of aerial survey dates (n = 30 surveys)
and manatee counts, in the H lifax River and Mosquito
Lagoon (segment 1),Volusia and Brevard counties, Florida,
December 1985 to January 1987 (AMHALX data set).
M natees %
Date Adults Calves Total Calves Qua ter
03 Dec 85 0 0 0 – Winter
19 Dec 85 1 1 2 50.0 Winter
31 Dec 85 1 0 1 0.0 Winter
13 Jan 86 0 0 0 – Winter
24 Jan 86 0 0 0 – Winter
12 Feb 86 0 0 0 – Winter
26 Feb 86 0 0 0 – Winter
13 Mar 86 5 0 5 0.0 Spring
26 Mar 86 6 2 8 25.0 Spring
09 Apr 86 12 3 15 20.0 Spring
22 Apr 86 8 0 8 0.0 Spring
05 May 86 4 0 4 0.0 Spring
21 May 86 2 1 3 3.3 Spring
04 Jun 86 1 0 1 0.0 Summer
17 Jun 86 21 1 22 4.5 Summer
01 Jul 86 7 0 7 0.0 Summer
15 Jul 86 4 0 4 0.0 Summer
29 Jul 86 7 0 7 0.0 Summer
12 Aug 86 0 0 0 – Summer
26 Aug 86 2 0 2 0.0 Summer
09 Sep 86 7 0 7 0.0 Fall
24 Sep 86 7 1 8 12.5 Fall
07 Oct 86 10 0 10 0.0 Fall
21 Oct 86 1 0 1 0.0 Fall
05 Nov 86 2 0 2 0.0 Fall
18 Nov 86 1 0 1 0.0 Fall
04 Dec 86 0 0 0 – Winter
16 Dec 86 0 0 0 – Winter
29 Dec 86 0 0 0 – Winter
13 Jan 87 1 0 1 0.0 Winter
Total 110 9 119 6.9
l  2  Summary of aerial survey dates (n = 41 surveys)
   i  the Tomoka River (segment 1),Volusia
o t , lori a, ay 1985 to December 1987 (AMWTK,
A T K data sets).
l  3  Su mary of aerial survey dates (n = 30 surveys)
 m nate  counts, in the Halifa   osquito
on (seg ent ),Volusia and Brevard counties, Florida,
ece ber 1985 to January 1987 (A HAL  data set).
to January 1987 (Table 1). Six observers from 
four agencies formed four teams to conduct 
coordinated surveys. Five survey routes 
covered six adjacent counties (Volusia, Brevard, 
Indian River, St. Lucie, Martin, and Palm Beach 
counties). One team covered two routes on 
consecutive days (segments 1 and 2).
Each of the four survey teams used standardized 
survey protocols for the twice-monthly surveys 
(Chapter 2, this volume; Ackerman, 1995). 
Routes are shown on Maps 1 and 2. Most of 
the routes are typical of distribution studies 
elsewhere (Ackerman, 1995): along shorelines 
and channels. However, the northern Indian 
River route (segment 1) was covered in a series of 
east–west transects using the identical route and 
protocols as Shane (1983). During the surveys, 
the observers also collected data on boat traffic 
and boater-activity patterns.
The coordinated aerial surveys were conducted 
30 times in 14 months, from December 3–6, 1985, 
to January 12–16, 1987 (Tables 2–8). The goal 
was for the four teams to cover the five routes 
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aerial survey tudies that had longer time-frames.
Twelve additional surveys of the Tomoka River in Vo-
lusia County (segment 1A) were made prior to this
study (AMWTK, starting May 6, 1985), for a total of 41
surveys (Table 2; FWC, 2000). Thirty-five additional
surveys were made of segment 4, which covered south-
er  Brevard, In ian Riv r, and northern St. Lucie coun-
ties from June 4, 1985, to December 16, 1987, for a total
of 63 surveys (Table 7; 12 surveys before and 23 surveys
after this study, FWC, 2000). Only the 30 combined
surveys from December 1985 to mid-January 1 87 were
used in this analysis.
The manatee sightings were entered into eight
GIS data sets along with the corresponding survey
routes (Table 1; FWC, 2000).The northern segment 1 was
mapped in three GIS data sets covering areas with
very different characteristics. The eight data sets are
available on CD–ROM (FWC, 2000; manatee sightings
and survey routes) and are summarized in Table 1.
Results
Thirty sets of surveys were conducted from 3–6 De-
cember 1985 to 12–16 January 1987 (Table 1). Counts
made during each of five survey segments are sum-
Table 4 Summary of aerial survey dates (n = 30 surveys)
and manatee counts in the Banana River (segment 2),
Brevard County, Florida, from December 1985 to January
1987 (AMBAN data set).
Manatees %
Date Adults Calves Total Calves Quarter
04 Dec 85 62 10 72 13.9 Winter
20 Dec 85 3 0 3 0.0 Winter
30 Dec 85 1 0 1 0.0 Winter
14 Jan 86 2 0 2 0.0 Winter
24 Jan 86 2 0 2 0.0 Winter
13 Feb 86 34 2 36 5.6 Winter
25 Feb 86 67 5 72 6.9 Winter
12 Mar 86 79 12 91 13.2 Spring
25 Mar 86 212 26 238 10.9 Spring
08 Apr 86 240 25 265 9.4 Spring
23 Apr 86 259 33 292 11.3 Spring
06 May 86 142 10 152 6.6 Spring
20 May 86 111 7 118 5.9 Spring
03 Jun 86 121 36 157 22.9 Summer
18 Jun 86 123 29 152 19.1 Summer
02 Jul 86 71 22 93 23.6 Summer
16 Jul 86 149 28 177 15.8 Summer
30 Jul 86 70 10 80 12.5 Summer
13 Aug 86 92 11 103 10.7 Summer
27 Aug 86 128 23 151 15.2 Summer
10 Sep 86 97 15 112 13.4 Fall
23 Sep 86 180 25 205 12.2 Fall
08 Oct 86 158 20 178 11.2 Fall
22 Oct 86 57 9 66 13.6 Fall
05 Nov 86 150 17 167 10.2 Fall
19 Nov 86 120 16 136 11.8 Fall
03 Dec 86 117 12 129 9.3 Winter
17 Dec 86 90 9 99 9.1 Winter
30 Dec 86 61 6 67 9.0 Winter
14 Jan 87 0 0 0 – Winter
Total 2,998 418 3,416 10.5
Table 5 Summary of aerial survey dates (n = 30 surveys)
and manatee counts in the northern Indian River Lagoon
(segment 1), Brevard County, Florida, from December 1985
to January 1987 (AMIR data set).
Manatees %
Date Adults Calves Total Calves Quarter
03 Dec 85 12 1 13 7.7 Winter
19 Dec 85 24 3 27 11.1 Winter
31 Dec 85 65 4 69 5.8 Winter
13 Jan 86 48 4 52 7.7 Winter
24 Jan 86 9 1 10 10.0 Winter
12 Feb 86 4 0 4 0.0 Winter
26 Feb 86 113 15 128 11.7 Winter
13 Mar 86 10 0 10 0.0 Spring
26 Mar 86 12 2 14 14.3 Spring
09 Apr 86 5 0 5 0.0 Spring
22 Apr 86 16 6 22 27.3 Spring
05 May 86 21 1 22 4.5 Spring
21 May 86 31 7 38 18.4 Spring
04 Jun 86 22 1 23 4.3 Summer
17 Jun 86 83 9 92 9.8 Summer
01 Jul 86 28 0 28 0.0 Summer
15 Jul 86 86 15 101 14.9 Summer
29 Jul 86 38 6 44 13.6 Summer
12 Aug 86 40 1 41 2.4 Summer
26 Aug 86 56 9 65 13.8 Summer
09 Sep 86 30 4 34 11.8 Fall
24 Sep 86 57 8 65 12.3 Fall
07 Oct 86 54 5 59 8.5 Fall
21 Oct 86 61 9 70 12.9 Fall
04 Nov 86 76 5 81 6.2 Fall
19 Nov 86 49 3 52 5.8 Fall
04 Dec 86 44 0 44 0.0 Winter
16 Dec 86 59 6 65 9.2 Winter
29 Dec 86 75 5 80 6.3 Winter
13 Jan 87 91 4 95 4.2 Winter
Total 1,319 134 1,453 8.5
.
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aerial survey studies that had longer time-frames.
Twelve additional surveys of the T moka River in Vo-
lusia County (segment 1A) were made pri r to this
study (AMWTK, starting May 6, 1985), for a total of 41
surveys (Table 2; FWC, 2000). Thirty-five additional
surveys were made of segm nt 4, which covered south-
ern Bre ard, Indian River, a d northern St. Lu ie coun-
ties from June 4, 1985, to December 6, 1987, for a total
of 63 surveys (Table 7; 12 surveys before and 23 surveys
after this study, FWC, 2000). Only the 30 combined
surv ys from December 1985 to mid-J nuary 1987 were
used in this analysis.
The manatee sightings were ntered into eight
GIS data sets along wit  the correspo ding survey
routes (Table 1; FWC, 2000).The northern segment 1 was
mapped in three GIS data sets covering reas with
very different characteri tics. The eight data sets are
available on CD–ROM (FWC, 2000; manatee sightings
and survey routes) and are summ rized in T ble 1.
Results
Thirty sets of surveys were conducted from 3–6 De-
cember 1985 to 2–16 January 1987 (Table 1). Counts
ma e during each of five survey segments are sum-
Table 4 Summary of erial survey dates (n = 30 surveys)
and manatee counts in the Banana River (segment 2),
Brevard County, Florida, from December 1985 to J nuary
1987 (AMBAN data set).
Manatees %
Date Adults Calves Total Calves Quarter
04 Dec 85 62 10 72 13.9 Winter
20 Dec 85 3 0 3 0.0 Winter
30 Dec 85 1 0 1 0.0 Winter
14 Jan 86 2 0 2 0.0 Winter
24 Jan 86 2 0 2 0.0 Winter
13 Feb 86 34 2 36 5.6 Winter
25 Feb 86 67 5 72 6.9 Winter
12 Mar 86 79 12 91 13.2 Spring
25 Mar 86 212 26 238 10.9 Spring
08 Apr 86 240 25 265 9.4 Spring
23 Apr 86 259 33 292 11.3 Spring
06 May 86 142 10 152 6.6 Spring
20 May 86 111 7 118 5.9 Spring
03 Jun 86 121 36 157 22.9 Summer
18 Jun 86 123 29 152 19.1 Summer
02 Jul 86 71 22 93 23.6 Summer
16 Jul 86 149 28 177 15.8 Summer
30 Jul 86 70 10 80 12.5 Summer
13 Aug 86 92 11 103 10.7 Summer
27 Aug 86 128 23 151 15.2 Summer
10 Sep 86 97 15 112 13.4 Fall
23 Sep 86 180 25 205 12.2 Fall
08 Oct 86 158 20 178 11.2 Fall
22 Oct 86 57 9 66 13.6 Fall
05 Nov 86 150 17 167 10.2 Fall
19 Nov 86 120 16 136 11.8 Fall
03 Dec 86 117 12 129 9.3 Winter
17 Dec 86 90 9 99 9.1 Winter
30 Dec 86 61 6 67 9.0 Winter
14 Jan 87 0 0 0 – Winter
Total 2,998 418 3,416 10.5
Table 5 Summary of erial survey dates (n = 30 surveys)
and manatee counts in the northern Indian River Lagoon
(segment 1), Brevard County, Florida, from December 1985
to J nuary 1987 (AMIR data set).
Manatees %
Date Adults Calves Total Calves Quarter
03 Dec 85 12 1 13 7.7 Winter
19 Dec 85 24 3 27 11.1 Winter
31 Dec 85 65 4 69 5.8 Winter
13 Jan 86 48 4 52 7.7 Winter
24 Jan 86 9 1 10 10.0 Winter
12 Feb 86 4 0 4 0.0 Winter
26 Feb 86 113 15 128 11.7 Winter
13 Mar 86 10 0 10 0.0 Spring
26 Mar 86 12 2 14 14.3 Spring
09 Apr 86 5 0 5 0.0 Spring
22 Apr 86 16 6 22 27.3 Spring
05 May 86 21 1 22 4.5 Spring
21 May 86 31 7 38 18.4 Spring
04 Jun 86 22 1 23 4.3 Summer
17 Jun 86 83 9 92 9.8 Summer
01 Jul 86 28 0 28 0.0 Summer
15 Jul 86 86 15 101 14.9 Summer
29 Jul 86 38 6 44 13.6 Summer
12 Aug 86 40 1 41 2.4 Summer
26 Aug 86 56 9 65 13.8 Summer
09 Sep 86 30 4 34 11.8 Fall
24 Sep 86 57 8 65 12.3 Fall
07 Oct 86 54 5 59 8.5 Fall
21 Oct 86 61 9 70 12.9 Fall
04 Nov 86 76 5 81 6.2 Fall
19 Nov 86 49 3 52 5.8 Fall
04 Dec 86 44 0 44 0.0 Winter
16 Dec 86 59 6 65 9.2 Winter
29 Dec 86 75 5 80 6.3 Winter
13 Jan 87 91 4 95 4.2 Winter
Total ,319 134 1,453 8.5
Table 4  Summary of aerial survey dates (n = 30 surveys) and 
manatee counts in the Banana River (segment 2), Brevard 
County, Fl rida, from December 1985 to January 1987 
(AMB N data set).
Table 5  Summary of aerial survey dates (n = 30 surveys) and 
manatee counts in the northern Indian River Lagoon (segment 
1), Brevard County, Florida, from December 1985 to January 
1987 (AMIR data set).
in two days. However, not all teams were able 
to participate on the first three flights. All of 
the teams flew together from January 13–15, 
1986, to January 12–16, 1987 (n = 27 sets). The 
five segments of each survey were completed 
within a span of two to nine days, but typically 
within three to four days (20 of 30 sets). When 
a longer time-period elapsed, usually only one 
or two of the segments were delayed, and most 
of the segments were conducted in the two- to 
three-day time span. The northern team always 
covered segments 1 and 2 on consecutive days. 
Of these 27 full sets of flights, only two of 
135 segments were missed (Tomoka River on 
February 12, 1986, and south Brevard County on 
February 25, 1986), and these would probably 
have resulted in few sightings.
Two of these survey routes were part of longer 
aerial survey studies that had longer time-
frames. Twelve additional surveys of the Tomoka 
River in Volusia County (segment 1A) were 
made prior to this study (AMWTK, starting May 
6, 1985), for a total of 41 surveys (Table 2; FWC, 
2000). Thirty-five additional surveys were made 
of segment 4, which covered southern Brevard, 
Indian River, and northern St. Lucie counties 
from June 4, 1985, to December 16, 1987, for a 
total of 63 surveys (Table 7; 12 surveys before 
and 23 surveys after this study, FWC, 2000). Only 
the 30 combined surveys from December 1985 to 
mid-January 1987 were used in this analysis.
The manatee sightings were entered into eight 
GIS data sets along with the corresponding 
survey routes (Table 1; FWC, 2000). The northern 
segment 1 was mapped in three GIS data sets 
covering areas with very different characteristics. 
The eight data sets are available on CD–ROM or 
on the FWC website http://ocean.floridamarine.org/
mrgis/Description_Layers_Marine.htm#marmam 
(FWC, 2000; manatee sightings and survey 
routes) and are summarized in Table 1.
Results
Thirty sets of surveys were conducted from 3–6 
December 1985 to 12–16 January 1987 (Table 1, 
Fig. 1). Counts made during each of five survey 
segments are summarized in Tables 2–8. Mean 
counts from each of five survey segments are 
presented in Table 9. The counts made during 
each survey segment and the total counts made 
on each date are presented in Table 10. Groups of 
manatees observed during the cold (December–
February; Maps 3, 4) and warm (March–
November; Maps 5, 6) seasons are shown on 
Maps 3 to 6. Counts in the five survey segments 
are shown in Figure 1.
These surveys noted aggregations of manatees 
during the winter at five power plants (Maps 3, 
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marized in Tables 2–8. Mean counts from each of five
survey segments are presented in Table 9.The counts
made during each survey segment and the total counts
made on each date are presented in Table 10. Groups
of manatees observed during the cold (December–Feb-
ruary; Maps 3, 4) and warm (March–November; Maps
5, 6) seasons are shown on Maps 3 and 4. Counts in the
five survey segments are shown in Figure 1.
These surveys noted aggregations of manatees
during the winter at five power plants (Maps 3, 4).
These surveys also showed manatee counts gradually
increasing as anatees migrated northward in spring,
dispersed throughout the northern portions of the
study area during sum er, and then migrated south
in the fall (Maps 5, 6; Figure 1).
Discussion
These were the first year-round distribution surveys
done in Indian River, St. Lucie, Martin, or Palm Beach
counties. These data w re relied on extensively for
many management decisions. For 11–16 years in some
of these counties, they were the only surveys avail-
able to those making management decisions (Beeler
and O’Shea, 1988). Based in part on these data, the
“Thirteen Key Counties”were established in 1989 along
with the legislative requirement that each of these 13
counties, which were highly important to manatees, de-
velop a Manatee Protection Plan (FDNR, 1989) incor-
porating data on manatee distribution, among other
things.The manatee sightings from these aerial surveys
of manatee distribution were among the first to be en-
tered into the FWC–FWRI GIS database (FWC, 2000),
from which the data could easily be accessed and used
to make managem nt decision .
Since 1985–87, FWC–FWRI has repeated many of
these distribution surveys to provide updated data for
manage e t d cisions.Volusia County was survey d
again in 1991–93 (Chapter 3, this volume). Brevard
County was surveyed in 1997–99 (Chapter 5, this vol-
ume). St. Lucie and Martin counties were surveyed in
1990–93 (Chapter 8, this volume) and Palm Beach
County in 1990–93 (Chapter 9, this volume).Volusia and
Indian River counties were surveyed again in 2002–2004
(chapters 4 and 7, this volume).
Migration
This is the only aerial study to date that has surveyed
a large enough area, year-round, to monitor the pas-
sage of manatees north in spring along the Atlantic
Coast from south Florida to north Florida and back
south in the fall (Maps 3–6; Figure 1). No subsequent
year-round survey has covered so much area or had
such a coordinated interagency effort.
Thes  surveys provided considerable insight into
the dynamics of east-coast migrations before aerial
surveys and telemetry studies had been widely con-
ducted. These aerial surveys documented new infor-
mation on manatee seasonal distribution, migratory
routes, migratory behavior, and areas of high manatee
use where protection efforts should be fo used.Th  first
radiotelemetry study on the east coast beg n during
this study, in May 1986, using new satellite telemetry
technology (Mate et al., 1987; Reid et al., 1995; Deutsch
et al., 2003). More information about the migratory
patterns of specific individual manatees was subse-
quently gathered through telemetry and photoidenti-
fication (started in 1982; Reid et al., 1991, 1995).
The yearly cycle of migration begins at the win-
Table 6 Summary of aerial survey dates (n = 27 surveys)
and manatee counts in the southern Indian River Lagoon
(segment 3) in Brevard County, Florida, January 1986 to
January 1987 (AMBREV data set).
Manatees %
Date Adults Calves Total Calves Quarter
02 Jan 86 1 0 1 0.0 Winter
15 Jan 86 0 0 0 – Winter
30 Jan 86 0 0 0 – Winter
11 Feb 86 0 0 0 – Winter
11 Mar 86 3 0 3 0.0 Spring
26 Mar 86 10 1 11 9.1 Spring
08 Apr 86 4 0 4 0.0 Spring
22 Apr 86 3 0 3 0.0 Spring
07 May 86 12 3 15 20.0 Spring
20 May 86 2 0 2 0.0 Spring
04 Jun 86 12 2 14 14.3 Summer
17 Jun 86 43 3 46 6.5 Summer
08 Jul 86 23 2 25 8.0 Summer
16 Jul 86 15 2 17 11.8 Summer
29 Jul 86 18 0 18 0.0 Summer
15 Aug 86 5 1 6 16.7 Summer
29 Aug 86 7 0 7 0.0 Summer
16 Sep 86 26 1 27 3.7 Fall
22 Sep 86 25 1 26 3.8 Fall
07 Oct 86 1 0 1 0.0 Fall
20 Oct 86 11 1 12 8.3 Fall
05 Nov 86 14 1 15 6.7 Fall
18 Nov 86 7 4 11 36.4 Fall
02 Dec 86 1 0 1 0.0 Winter
16 Dec 86 3 0 3 0.0 Winter
06 Jan 87 1 0 1 0.0 Winter
15 Jan 87 0 0 0 – Winter
Total 247 22 269 6.3
able 6  Summary of aerial survey dates (n = 27 surveys) and 
manatee counts in the southern Indian River Lagoon (segment 
3) in Brevard County, Florida, January 1986 to January 1987 
(AMBREV data set).
4). These surveys also showed manatee counts 
gradually increasing as manatees migrated 
northward in spring, dispersed throughout 
the northern portions of the study area during 
summer, and then migrated south in the fall 
(Maps 5, 6; Figure 1).
Discussion
These were the first year-round distribution 
surveys done in Indian River, St. Lucie, Martin, 
or Palm Beach counties. These data were relied 
on extensively for many management decisions. 
For 11–16 years in some of these counties, they 
were the only surveys available to those making 
management decisions (Beeler and O’Shea, 1988). 
Based in part on these data, the “Thirteen Key 
Counties” were established in 1989 along with 
the legislative requirement that each of these 
13 counties, which were highly important to 
manatees, develop a Manatee Protection Plan 
(FDNR, 1989) incorporating data on manatee 
distribution, among other things. The manatee 
sightings from these aerial surveys of manatee 
distribution were among the first to be entered 
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tering sites. In the winter quarter (December–January),
most manatees were observed near the warm-water ag-
egation sites, such as the five power plants in this
study area (Maps 3, 4). These included two near Ti-
tusville on the northern Indian River, the Florida Power
and Light Company’s (FPL) Cape Canaveral plant, the
Orlando Utilities Commission’s (OUC) Indian River
plant (now owned by Reliant Power, Houston, Texas),
and the FPL Riviera Beach power plant at West Palm
Beach.The highest counts during the winter (Decem-
ber–February) were made near these power plants.
The highest combined count around the OUC Indian
River and FPL Cape Canaveral plants was 95 on Jan-
uary 13, 1987.The municipal pow r plants at Vero Beach
and Fort Pierce had their highest December–January
count of 118 on December 30, 1986.The highest count
around the FPL Riviera Beach plant at West Palm Beach
was 72 on Januar  24, 1986 (T ble 10). Mana ees were
also present at other unheated second ry wintering
sites, including the Saint Sebastian River and the C-41
Canal in Brevard and Indian River counties and Hobe
and Jupiter sounds in Martin and Palm Beach counties.
However, almost no manatees (0–3 per route) were
seen in winter (December–February) in Volusia County
or southern Brevard County, and v ry few were seen
in the Banana River during most mi winter counts.
The highest winter aerial counts reported during
the southeastern power plant surveys by Reynolds
and Wilcox (1994) during eight surveys in the winter
of 1985–86 and five flights in 1986–87 are shown in
Manatees %
Date Adults Calves Total Calves Quarter
04 Jun 85 12 2 14 14.3 Summer
25 Jun 85 13 2 15 13.3 Summer
10 Jul 85 15 2 17 11.8 Summer
24 Jul 85 8 0 8 0.0 Summer
05 Aug 85 10 2 12 16.7 Summer
19 Aug 85 15 3 18 16.7 Summer
09 Sep 85 32 5 37 13.5 Fall
27 Sep 85 24 2 26 7.7 Fall
14 Oct 85 32 5 37 13.5 Fall
30 Oct 85 23 4 27 14.8 Fall
17 Nov 85 24 1 25 4.0 Fall
30 Nov 85 23 4 27 14.8 Fall
06 Dec 85 37 2 39 5.1 Winter
14 Jan 86 21 1 22 4.5 Winter
30 Jan 86 8 0 8 0.0 Winter
10 Feb 86 108 6 114 5.7 Winter
25 Feb 86 99 11 110 10.0 Winter
11 Mar 86 166 19 185 10.3 Spring
24 Mar 86 135 17 152 11.2 Spring
07 Apr 86 96 5 101 5.0 Spring
25 Apr 86 95 6 101 5.9 Spring
09 May 86 27 0 27 0.0 Spring
19 May 86 48 2 50 4.0 Spring
05 Jun 86 27 4 31 12.9 Summer
16 Jun 86 29 4 33 12.1 Summer
02 Jul 86 37 4 41 9.8 Summer
14 Jul 86 47 6 53 11.3 Summer
01 Aug 86 34 5 39 12.8 Summer
12 Aug 86 29 1 30 3.3 Summer
23 Aug 86 23 2 25 8.0 Summer
11 Sep 86 48 2 50 4.0 Fall
22 Sep 86 30 2 32 6.3 Fall
09 Oct 86 77 5 82 6.1 Fall
20 Oct 86 45 3 48 6.3 Fall
06 Nov 86 54 5 59 8.4 Fall
16 Nov 86 62 3 65 4.6 Fall
09 Dec 86 77 4 81 4.9 Winter
21 Dec 86 100 8 108 7.4 Winter
30 Dec 86 109 9 118 7.6 Winter
12 Jan 87 23 1 24 4.7 Winter
28 Jan 87 21 0 21 0.0 Winter
12 Feb 87 35 2 37 5.4 Winter
23 Feb 87 170 17 187 9.1 Winter
11 Mar 87 165 10 175 5.7 Spring
25 Mar 87 109 5 114 4.4 Spring
06 Apr 87 182 16 198 8.1 Spring
20 Apr 87 92 4 96 4.2 Spring
04 May 87 67 4 71 5.6 Spring
26 May 87 38 4 42 9.5 Spring
03 Jun 87 44 8 52 15.4 Summer
18 Jun 87 27 5 32 15.6 Summer
08 Jul 87 19 2 21 9.5 Summer
21 Jul 87 27 4 31 12.9 Summer
06 Aug 87 27 4 31 12.9 Summer
25 Aug 87 42 2 44 4.5 Summer
08 Sep 87 32 3 35 8.6 Fall
28 Sep 87 28 1 29 3.4 Fall
21 Oct 87 27 5 32 15.6 Fall
29 Oct 87 32 4 36 11.1 Fall
05 Nov 87 31 4 35 11.4 Fall
23 Nov 87 46 9 55 16.4 Fall
03 Dec 87 53 11 64 17.2 Winter
16 Dec 87 47 5 52 9.6 Winter
Total 3,283 298 3,581 8.7
Table 7 Summary of aerial survey dates (n = 63 surveys) and manatee counts in the southern Indian River Lagoon (segment
4), in Brevard, Indian River, and St. Lucie counties, Florida, from June 1985 to December 1987 (AMII data set).
Manatees %
Date Adults Calves Total Calves Quarter
l  7  Su ary of aerial survey dates (n = 63   tee co t   4), in 
Brevard, Indian River, and St. Lucie co nties, Florida, from June 1985 to December 1987 (AMII data set).
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tering sites. In the winter qua ter (December–January),
most manatees were obs rved near the warm-water ag-
greg tion sites, uch s the five power plants in this
study rea (Maps 3, 4). These inclu ed two near Ti-
tusville on the norther  Indian River, the Florida Power
and Light Company’s (FPL) Cape C naveral plant, the
Orlando U lities Commission’s (OUC) Indian River
plant (now owned by Reliant Power, Houston, Texas),
and the FPL Riviera Beach power plant at West Palm
Beach.T e ighest counts during the winter (Decem-
ber–February) were made near these power plants.
T e ighest combined count around the OUC Indian
River and FPL Cape C naveral plants was 95 on Jan-
uary 3, 1987.The municipal pow r plants at V ro Beach
and Fort Pi rce had their ighest December–January
count of 118 on December 30, 1986.T e ighest count
around the FPL Riviera Beach plant at West Palm Beach
as 72 on Ja uary 24, 1986 (T b e 10). M nate s were
also presen  a  other unh ated s condary wintering
sites, including the Saint Sebastian River and the C-41
C nal in Brevard and Indian River counties and Hobe
and Jupiter sounds in Marti  and Palm Bea h counties.
However, almost no m natees (0–3 per route) were
seen in winter (December–February) in Volusia County
or sou h rn Brevard County, and very fe  wer  see
in the B na River during most midwinter counts.
T e ighest winter aerial counts reported during
the southeastern power plant surveys by Reynolds
and Wilcox (1994) during eight surveys in the winter
of 1985–86 and five flights in 1986–87 are show  in
M natees %
Date Adults Calves Total Calves Qua ter
04 Jun 85 12 2 14 14.3 Summer
25 Jun 85 13 2 15 13.3 Summer
10 Jul 85 15 2 17 11.8 Summer
24 Jul 85 8 0 8 0.0 Summer
05 Aug 85 10 2 12 16.7 Summer
19 Aug 85 15 3 18 16.7 Summer
09 Sep 85 32 5 37 13.5 Fall
27 Sep 85 24 2 26 7.7 Fall
14 Oct 85 32 5 37 13.5 Fall
30 Oct 85 23 4 27 14.8 Fall
17 Nov 85 24 1 25 4.0 Fall
30 Nov 85 23 4 27 14.8 Fall
06 Dec 85 37 2 39 5.1 Winter
14 Jan 86 21 1 22 4.5 Winter
30 Jan 86 8 0 8 0.0 Winter
10 Feb 86 108 6 114 5.7 Winter
25 Feb 86 99 11 110 10.0 Winter
11 Mar 86 166 19 185 10.3 Spring
24 Mar 86 135 17 152 11.2 Spring
07 Apr 86 96 5 101 5.0 Spring
25 Apr 86 95 6 101 5.9 Spring
09 May 86 27 0 27 0.0 Spring
19 May 86 48 2 50 4.0 Spring
05 Jun 86 27 4 31 12.9 Summer
16 Jun 86 29 4 33 2.1 Summer
02 Jul 86 37 4 41 9.8 Summer
14 Jul 86 47 6 53 11.3 Summer
01 Aug 86 34 5 39 12.8 Summer
12 Aug 86 29 1 30 3.3 Summer
23 Aug 86 23 2 25 8.0 Summer
11 Sep 86 48 2 50 4.0 Fall
22 Sep 86 30 2 32 6.3 Fall
09 Oct 86 77 5 82 6.1 Fall
20 Oct 86 45 3 48 6.3 Fall
06 Nov 86 54 5 59 8.4 Fall
16 Nov 86 62 3 65 4.6 Fall
09 Dec 86 77 4 81 4.9 Winter
21 Dec 86 100 8 108 7.4 Winter
30 Dec 86 109 9 118 7.6 Winter
12 Jan 87 23 1 24 4.7 Winter
28 Jan 87 21 0 21 0.0 Winter
12 Feb 87 35 2 37 5.4 Winter
23 Feb 87 170 17 187 9.1 Winter
11 Mar 87 165 10 175 5.7 Spring
25 Mar 87 109 5 114 4.4 Spring
06 Apr 87 182 16 198 8.1 Spring
20 Apr 87 92 4 96 4.2 Spring
04 May 87 67 4 71 5.6 Spring
26 May 87 38 4 42 9.5 Spring
03 Jun 87 44 8 52 15.4 Summer
18 Jun 87 27 5 32 15.6 Summer
08 Jul 87 19 2 21 9.5 Summer
21 Jul 87 27 4 31 12.9 Summer
06 Aug 87 27 4 31 12.9 Summer
25 Aug 87 42 2 44 4.5 Summer
08 Sep 87 32 3 35 8.6 Fall
28 Sep 87 28 1 29 3.4 Fall
21 Oct 87 27 5 32 15.6 Fall
29 Oct 87 32 4 36 1.1 Fall
05 Nov 87 31 4 35 11.4 Fall
23 Nov 87 46 9 55 16.4 Fall
03 Dec 87 53 11 64 17.2 Winter
16 Dec 87 47 5 52 9.6 Winter
Total 3,283 298 3,581 8.7
Table 7 Summary of erial survey dates (n = 63 surveys) and manatee counts in the southern Indian River Lagoon (segment
4), in Brevard, Indi  River, and St. Lu ie counties, Florida, from June 1985 to December 1987 (AMII data set).
M natees %
Date Adults Calves Total Calves Qua ter           Adults  Calves  Total   alv s  
Manat s %
           Adults  alv s  T tal   l   rt r
anatees %
into the FWC–FWRI GIS database (FWC, 2000), 
from which the data could easily be accessed and 
used to make management decisions.
Since 1985–87, FWC–FWRI has repeated many 
of these distribution surveys to provide updated 
data for management decisions. Volusia County 
was surveyed again in 1991–93 (Chapter 3, this 
volume). Brevard County was surveyed in 1997–
99 (Chapter 5, this volume). St. Lucie and Martin 
counties were surveyed in 1990–93 (Chapter 8, 
this volume) and Palm Beach County in 1990–93 
(Chapter 9, this volume). Volusia and Indian 
River counties were surveyed again in 2002–2004 
(chapters 4 and 7, this volume).
Migration
This is the only aerial study to date that has 
surveyed a large enough area, year-round, to 
monitor the passage of manatees north in spring 
along the Atlantic Coast from south Florida to 
north Florida and back south in the fall (Maps 
3–6; Figure 1). No subsequent year-round 
survey has covered so much area or had such a 
coordinated interagency effort.
These surveys provided considerable insight 
into the dynamics of east-coast migrations 
before aerial surveys and telemetry studies 
had been widely conducted. These aerial 
surveys documented new information on 
manatee seasonal distribution, migratory 
routes, migratory behavior, and areas of high 
manatee use where protection efforts should 
be focused. The first radiotelemetry study on 
the east coast began during this study, in May 
1986, using new satellite telemetry technology 
(Mate et al., 1987; Reid et al., 1995; Deutsch et 
al., 2003). More information about the migratory 
patterns of specific individual manatees was 
subsequently gathered through telemetry and 
photoidentification (started in 1982; Reid et al., 
1991, 1995).
The yearly cycle of migration begins at the 
wintering sites. In the winter quarter (December–
January), most manatees were observed near the 
warm-water aggregation sites, such as the five 
power plants in this study area (Maps 3, 4). These 
included two near Titusville on the northern 
Indian River, the Florida Power and Light 
Company’s (FPL) Cape Canaveral plant, the 
Orlando Utilities Commission’s (OUC) Indian 
River plant (now owned by Reliant Power, 
Houston, Texas), and the FPL Riviera Beach 
power plant at West Palm Beach. The highest 
counts during the winter (December–February) 
were made near these power plants. The highest 
combined count around the OUC Indian River 
and FPL Cape Canaveral plants was 95 on 
January 13, 1987. The municipal power plants 
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Table 11.Those counts are comparable to those obtained
i  the study presented here.The FPL Port Everglades
and Lauderdale plants are south of this study area.
Manatee migration northward began in late Jan-
uary 1986. The high counts in 1985–86 at the Riviera
Beach power plant and at Hobe Sound occurred in
late January and February 1986 during the spring mi-
gration. An mals that had wintered south of the study
area m ved north into the study area. During Febr -
ary and early March, counts in the southern Indian
River Lagoon peaked at 185 on March 11, 1986. From
February to April, the number of manatees observed
ranged from 101 to 185 between Fort Pierce and the Se-
bastian Inlet as manatees moved north from south
Florida. Manatees were principally observed moving
north and feeding on vegetation around Vero Beach d
near Sebastian Inlet and visiting freshwater discharges.
Manatees were more numerous in the northern Indian
River in late February, with the highest count (128)
made on February 26, 1986.
In March and April, the advancing front of north-
migrating manatees left the Indian River for the Banana
River, where they were joined by manatees that win-
tered in the Indian River at the two power plants near
Titusville. Banana River counts were high in late March
and April, ranging from 238 to 292, with the highest
count made on April 23, 1986. There were also many
manatees remaining in the central Indian River, with
101–152 counted in St. Lucie and Indian River counties
at that same time. Provancha and Provancha (1988,
1989) counted the highest numbers of manatees (297)
in spring.
The highest combined counts during the entire
study were during this same spring time-period, with
424 manatees counted on March 24–26, 1986, and 432
counted on April 22–25, 1986. These counts were
71%–72% of the estimated manatee c unt on the east
coast t that time (600 manatees, or half of the state total
of 1,200 estimated in 1985; Reynolds and Wilcox, 1987;
O’Shea, 1988). These counts were among the highest
single-day counts on either coast up to that time.
After feeding on extensive vegetation at the KSC
and the Merritt Island National Wildlife Refuge
(MINWR) in the upper Banana Riv r, some manatees
apparently continued to migrate north out of the study
area to the northeastern Florida coast, the St. Johns
River, and southeastern Georgia; total counts dropped
to 221–241 in May in the KSC and MINWR. Other aer-
ial studies in northeast Florida in 1982–83 (Kinnaird,
1985) and 1991–95 (Chapter 3, this volume) documented
manatees migrating in spring up the Intracoastal Wa-
terway from Volusia to Duval counties and into the St.
Johns River.
The FWC surveys along the three northeastern
coastal counties (Duval,Volusia, Breva d) in 1991–93 a d
in the Lower St. Johns River in 1993–94 bot  had the
highest counts from April to June (Chapter 3, this vol-
ume). The FWC Brevard County surveys in 1997–99
also had the highest counts in March (Chapter 4, this
volume).
During summer and fall, manatees were dispersed
throughout the northern portion f the study area.
Counts fluctuated, with monthly maximums around 340
between June and early November (range 184–357).
Summer counts were very low in the southern part
(segment 5), ranging from 0 to 11 (Table 9). Highest
counts of the year occurred in summer: in the Tomoka
River, 8 were observed on May 5 and May 21, 1986; 22
were observed on June 17, 1986, in the Halifax River;
and 46 were observed i  southern Brevard County on
June 17, 1986. The highest number of manatees ob-
Table 8 Summary of aerial survey dates (n = 27 surveys)
and manatee counts in St. Lucie, Martin, and Palm Beach
counties (segment 5), Florida, from January 1986 to Janu-
ary 1987 (AMEMC data set).
Manatees %
Date Adults Calves Total Calves Quarter
14 Jan 86 48 6 54 11.1 Winter
24 Jan 86 63 9 72 12.5 Winter
11 Feb 86 47 4 51 7.8 Winter
24 Feb 86 31 2 33 6.1 Winter
11 Mar 86 48 9 57 15.8 Spring
25 Mar 86 1 0 1 0.0 Spring
09 Apr 86 6 1 7 14.3 Spring
23 Apr 86 2 1 3 33.3 Spring
07 May 86 10 3 13 23.1 Spring
20 May 86 1 1 2 50.0 Spring
04 Jun 86 2 0 2 0.0 Summer
18 Jun 86 9 2 11 18.2 Summer
01 Jul 86 1 0 1 0.0 Summer
16 Jul 86 0 0 0 – Summer
30 Jul 86 2 0 2 0.0 Summer
12 Aug 86 4 0 4 0.0 Summer
28 Aug 86 4 1 5 20.0 Summer
09 Sep 86 5 1 6 16.7 Fall
24 Sep 86 10 2 12 16.7 Fall
07 Oct 86 16 1 17 5.9 Fall
23 Oct 86 3 0 3 0.0 Fall
04 Nov 86 25 2 27 7.4 Fall
18 Nov 86 20 3 23 13.0 Fall
05 Dec 86 10 2 12 16.7 Winter
17 Dec 86 9 2 11 18.2 Winter
30 Dec 86 13 1 14 7.1 Winter
14 Jan 87 47 6 53 11.3 Winter
Total 437 59 496 12.5
Table 8  Summary of aerial survey dates (n = 27 surveys) and 
manatee counts in St. Lucie, Martin, and P lm Beach counties 
(segment 5), Florida, from January 1986 to January 1987 
(AMEMC data set).
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Table 9 Seasonal manatee counts (mean, minimum, maximum, SD, median, and analysis of variance), from aerial surveys
in Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties, Florida, 1985 to 1987. Mean counts that are
not significantly different have the same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Tomoka River—Volusia County (5/85–1/87, n = 41 surveys, 25 zero counts, AMWTK, AMTMK data sets)
Total 41 1.3 0 9 2.4 0.0 – 6.2
Seasons
Warm (Mar.–Nov.) 31 1.7 0 9 2.7 0.0 A 6.6
Cold (Dec.–Feb.) 10 0.1 0 1 0.3 0.0 A 0.0
r2 = 0.08, F = 3.48, df = 1,39, P = 0.07
Quarters
Spring (Mar.–May) 8 3.5 0 9 4.1 1.5 A 3.1
Summer (Jun.–Aug.) 13 1.3 0 5 1.6 1.0 AB 8.8
Fall (Sep.–Nov.) 10 0.8 0 6 1.9 0.0 AB 5.6
Winter (Dec.–Feb.) 10 0.1 0 1 0.3 0.0 B 0.0
r2 = 0.23, F = 3.74, df = 3,37, P = 0.02
Halifax River and Mosquito Lagoon—Volusia and N. Brevard counties (12/85–1/87, n = 30 surveys, 9 zero
counts, AMHALX data set)
Total 30 4.0 0 22 5.1 2.0 – 6.9
Seasons
Warm (Mar.–Nov.) 19 6.1 0 22 5.4 5.0 A 5.3
Cold (Dec.–Feb.) 11 0.4 0 2 0.7 0.0 B 16.7
r2 = 0.30, F = 11.83, df = 1,28, P = 0.002
Quarters
Spring (Mar.–May) 6 7.2 3 15 4.4 6.5 A 13.1
Summer (Jun.–Aug.) 7 6.1 0 22 7.5 4.0 A 0.8
Fall (Sep.–Nov.) 6 4.8 1 10 4.0 4.5 A 2.1
Winter (Dec.–Feb.) 11 0.4 0 2 0.7 0.0 B 16.7
r2 = 0.32, F = 4.05, df = 3,26, P = 0.02
Banana River—N. Brevard County (12/85–1/87, n = 30 surveys, 1 zero count, AMBAN data set)
Total 30 113.9 0 292 77.8 107.5 – 10.5
Seasons
Warm (Mar.–Nov.) 19 154.4 66 292 62.0 152.0 A 13.1
Cold (Dec.–Feb.) 11 43.9 0 129 46.3 36.0 B 5.4
r2 = 0.48, F = 26.26, df = 1,28, P < 0.0001
Quarters
Spring (Mar.–May) 6 192.7 91 292 83.3 195.0 A 9.6
Summer (Jun.–Aug.) 7 130.4 80 177 37.5 151.0 A 17.1
Fall (Sep.–Nov.) 6 144.0 66 205 50.2 151.5 A 12.1
Winter (Dec.–Feb.) 11 43.9 0 129 46.3 36.0 B 5.4
r2 = 0.56, F = 11.06, df = 3,26, P < 0.0001
Indian River Lagoon—North Brevard County (12/85–1/87, n = 30 surveys, AMIR data set)
Total 30 48.4 4 128 32.0 44.0 – 8.5
Seasons
Warm (Mar.–Nov.) 19 45.6 5 101 28.0 41.0 A 9.5
Cold (Dec.–Feb.) 11 53.4 4 128 38.9 52.0 A 6.7
r2 = 0.01, F = 0.40, df = 1,28, P = 0.53
(continued next page)
Table 9  Seasonal manatee counts (mean, minimum, maximum,SD, median, and analysis of variance), from aerial surveys in Volusia, 
Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties, Florida, 1985 to 1987. Mean counts that are not significantly 
different have the same letter in the column titled Difference of Means.
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  89
.
Florida Manatee Distribution 1984–2004 Edwards & Ackerman
66 FWRI Technical Report TR 00
Six East Coast Counties
Quarters
Spring (Mar.–May) 6 18.5 5 38 11.7 18.0 A 10.8
Summer (Jun.–Aug.) 7 56.3 23 101 30.7 44.0 A 8.4
Fall (Sep.–Nov.) 6 60.2 34 81 16.2 62.0 A 9.6
Winter (Dec.–Feb.) 11 53.4 4 128 38.9 52.0 A 6.7
r2 = 0.23, F = 2.63, df = 3,26, P = 0.07
Indian River Lagoon—South Brevard County (1/86–1/87, n = 27 surveys, 4 zero counts, AMBREV data set)
Total 27 10.0 0 46 11.2 6.0 – 6.3
Seasons
Warm (Mar.–Nov.) 19 13.8 1 46 11.2 12.0 A 7.6
Cold (Dec.–Feb.) 8 0.8 0 3 1.0 0.5 B 0.0
r2 = 0.30, F = 10.57, df = 1,25, P = 0.003
Quarters
Spring (Mar.–May) 6 6.3 2 15 5.4 3.5 AB 4.8
Summer (Jun.–Aug.) 7 19.0 6 46 13.6 17.0 A 8.2
Fall (Sep.–Nov.) 6 15.3 1 27 9.9 13.5 A 9.8
Winter (Dec.–Feb.) 8 0.8 0 3 1.0 0.5 B 0.0
r2 = 0.46, F = 6.61, df = 3,23, P = 0.002
Indian River— S. Brevard, Indian River, and N. St. Lucie counties (6/85–12/87, n = 63 surveys, AMII data
set)
Total 63 56.8 8 198 46.3 37.0 – 8.7
Seasons
Warm (Mar.–Nov.) 49 53.0 8 198 44.6 36.0 A 9.4
Cold (Dec.–Feb.) 14 70.4 8 187 51.3 58.0 A 6.5
r2 = 0.02, F = 1.55, df = 1,61, P = 0.22
Quarters
Spring (Mar.–May) 12 109.3 27 198 57.5 101.0 A 6.2
Summer (Jun.–Aug.) 19 28.8 8 53 13.1 31.0 C 11.3
Fall (Sep.–Nov.) 18 40.9 25 82 15.7 35.5 BC 9.5
Winter (Dec.–Feb.) 14 70.4 8 187 51.3 58.0 B 6.5
r2 = 0.41, F = 13.93, df = 3,59, P < 0.0001
Intracoastal Waterway—St. Lucie, Martin, and Palm Beach counties (1/86–1/87, n = 27 surveys, 1 zero count,
AMEMC data set)
Total 27 18.4 0 72 20.9 11.0 – 12.5
Seasons
Warm (Mar.–Nov.) 19 10.3 0 57 13.7 5.0 B 13.0
Cold (Dec.–Feb.) 8 37.5 11 72 23.3 42.0 A 11.4
r2 = 0.37, F = 14.49, df = 1,25, P = 0.0008
Quarters
Spring (Mar.–May) 6 13.8 1 57 21.6 5.0 AB 22.7
Summer (Jun.–Aug.) 7 3.6 0 11 3.7 2.0 B 6.4
Fall (Sep.–Nov.) 6 14.7 3 27 9.4 14.5 AB 9.9
Winter (Dec.–Feb.) 8 37.5 11 72 23.3 42.0 A 11.4
r2 = 0.41, F = 5.36, df = 3,23, P = 0.006
Table 9 Seasonal manatee counts (mean, minimum, maximum, SD, median, and analysis of variance), from aerial surveys
in Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties, Florida, 1985 to 1987. Mean counts that are
not significantly different have the same letter in the column titled Difference of Means. (continued)
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Table 9  Seasonal manatee counts (mean, minimum, maximum, SD, median, and analysis of variance), from aerial surveys in 
Volusia, Brevard, Indian River, St. Lucie, Martin, and Palm Beach counties, Florida, 1985 to 1987. Mean counts that are not 
significantly different have the same letter in the column titled Difference of Means. (continued)
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at Vero Beach and Fort Pierce had their highest 
December–January count of 118 on December 30, 
1986. The highest count around the FPL Riviera 
Beach plant at West Palm Beach was 72 on 
January 24, 1986 (Table 10). Manatees were also 
present at other unheated secondary wintering 
sites, including the Saint Sebastian River and the 
C-41 Canal in Brevard and Indian River counties 
and Hobe and Jupiter sounds in Martin and Palm 
Beach counties. However, almost no manatees 
(0–3 per route) were seen in winter (December–
February) in Volusia County or southern Brevard 
County, and very few were seen in the Banana 
River during most midwinter counts.
The highest winter aerial counts reported 
during the southeastern power plant surveys 
by Reynolds and Wilcox (1994) during eight 
surveys in the winter of 1985–86 and five flights 
in 1986–87 are shown in Table 11. Those counts 
are comparable to those obtained in the study 
presented here. The FPL Port Everglades and 
Lauderdale plants are south of this study area.
Manatee migration northward began in late 
January 1986. The high counts in 1985–86 at the 
Riviera Beach power plant and at Hobe Sound 
occurred in late January and February 1986 
during the spring migration. Animals that had 
wintered south of the study area moved north 
into the study area. During February and early 
March, counts in the southern Indian River 
Lagoon peaked at 185 on March 11, 1986. From 
February to April, the number of manatees 
observed ranged from 101 to 185 between Fort 
Pierce and the Sebastian Inlet as manatees 
moved north from south Florida. Manatees 
were principally observed moving north and 
feeding on vegetation around Vero Beach and 
near Sebastian Inlet and visiting freshwater 
discharges. Manatees were more numerous in the 
northern Indian River in late February, with the 
highest count (128) made on February 26, 1986.
In March and April, the advancing front of 
north-migrating manatees left the Indian River 
for the Banana River, where they were joined 
by manatees that wintered in the Indian River 
at the two power plants near Titusville. Banana 
River counts were high in late March and April, 
ranging from 238 to 292, with the highest count 
made on April 23, 1986. There were also many 
manatees remaining in the central Indian River, 
with 101–152 counted in St. Lucie and Indian 
River counties at that same time. Provancha 
and Provancha (1988, 1989) counted the highest 
numbers of manatees (297) in the Banana River in 
the spring.
The highest combined counts during the entire 
study were during this same spring time-period, 
with 424 manatees counted on March 24–26, 
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served during the warm months in northern Brevard
County was 101 observed on July 15, 1986 (Figure 1). In
the fall, the Banana River again had the highest counts
of any segment, as high as 167 to 205, with the highest
count of the fall quarter on September 23, 1986.
Southward migration began in November. Counts
in the southern areas increased at the same time Ba-
nana River counts declined. In winter, counts in Volu-
sia County, in the Banana River, and in southern
Brevard County declined to zero by late December
1986. Counts increased in winter in the segments con-
taining power plants: northern Brevard County had a
high count of 95 on January 13, 1987; the area from
southern Brevard County to St. Lucie County had a high
count of 118 on Decemb  30, 1986; and the area from
St. Lucie to Palm Beach counties had a high count of
53 on January 14, 1987.
Brevard County
The waters of the Banana and Indian rivers in Brevard
County offer a unique diversity of habitat and are
used by manatees throughout the year. During winter
months, manatees aggregate in the warm-water ef-
fluents of two power plants in Brevard County (OUC
Indian River [now Reliant] and FPL Cape Canaveral)
and disperse during warmer months. O er manatees
summer north of Brevard County and migrate through
the county on their way to wintering areas farther to
the south (Deutsch et al., 2003).
The results from these surveys in Brevard County
were compared to results f previous surveys by Shane
(1984) from June 1978 to February 1980.The same flight
route and survey methods were used. In our surveys,
the highest count from the Indian River was 128 ani-
mals in February 1986, and the high st count from the
Banana River was 292 in April 1986.These cou ts were
both higher than any previous count by Shane. Possi-
ble factors that could have accounted for the apparent
increase in manatee use of this area included the fol-
lowing: the number of deaths in Brevard County in
those years remained relatively constant; increased
immigr tion into the rea; and incre ed birth rate. An-
other hyp thesis is that the Brevard power pl nts pro-
duced more hot water in some years than in others and
attracted more animals. It is also possible that the pop-
ulation of manatees increased on the east coast (Runge
et al., 2004). We hope that in the future, improved aer-
ial survey methodologies and new modeling efforts will
shed light on the size and status of the Flo ida mana-
tee population on the east coast.
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Figure 1 Number of manatees observed per survey (n = 30 sur-
veys year-round) on the Atlantic coast of Florida (Volusia, Brevard,
Indian River, St. Lucie, Martin, and Palm Beach counties), Janu-
ary 13–15, 1986 to January 12–16, 1987.
Table 11 The highest winter aerial counts reported during
southeastern power plant surveys by Reynolds and Wilcox
(1994) during eight surveys in the winter of 1985–86 and five
flights in 1986–87.
Location 1985–86 1986–87
OUC Indian River and 17 129
FPL Cape Canaveral combined
Vero Beach 20 No survey
Fort Pierce 38 25
Hobe Sound 28 30
FPL Riviera Beach 272 107
FPL Port Everglades 185 182
FPL Lauderdale 30 16
Figure 1  Number of manatees observed per survey (  = 30 
surve s year-round) on the Atlantic coast of Florida (Volusia, 
Brevard, Indian River, St. Lucie, Martin, and Palm Beach 
counties), December 3-6, 1985 to Ja uary 12–16, 1987.
Table 11  The highest winter aerial counts reported during 
southeastern power plant surveys by Reynolds and Wilcox 
(1994) duri e  i  the winter of 1985–86 and five 
flights in 1986–87.
1986, and 432 counted on April 22–25, 1986. 
These counts were 71%–72% of the estimated 
manatee count on the east coast at that time 
(600 manatees, or half of the state total of 1,200 
estimated in 1985; Reynolds and Wilcox, 1987; 
O’Shea, 1988). These counts were among the 
highest single-day counts on either coast up to 
that time.
After feeding on extensive vegetation at the KSC 
and the Merritt Island National Wildlife Refuge 
(MINWR) in the upper Banana River, some 
manatees apparently continued to migrate north 
out of the study area to the northeastern Florida 
coast, the St. Johns River, and southeastern 
Georgia; total counts dropped to 221–241 in May 
in the KSC and MINWR. Other aerial studies in 
northeast Florida in 1982–83 (Kinnaird, 1985) and 
1991–95 (Chapter 3, this volume) documented 
manatees migrating in spring up the Intracoastal 
Waterway from Volusia to Duval counties and 
into the St. Johns River.
The FWC surveys along the three northeastern 
coastal counties (Duval, Volusia, Brevard) in 
1991–93 and in the Lower St. Johns River in 1993–
94 both had the highest counts from April to 
June (Chapter 3, this volume). The FWC Brevard 
County surveys in 1997–99 also had the highest 
counts in March (Chapter 4, this volume).
During summer and fall, manatees were 
dispersed throughout the northern portion of 
the study area. Counts fluctuated, with monthly 
maximums around 340 between June and early 
November (range 184–357). Summer counts were 
very low in the southern part (segment 5), ranging 
from 0 to 11 (Table 9). Highest counts of the year 
occurred in summer: in the Tomoka River, 8 
were observed on May 5 and May 21, 1986; 22 
were observed on June 17, 1986, in the Halifax 
River; and 46 were observed in southern Brevard 
County on June 17, 1986. The highest number of 
manatees observed during the warm months in 
northern Brevard County was 101 observed on 
July 15, 1986 (Figure 1). In the fall, the Banana 
River again had the highest counts of any 
segment, as high as 167 to 205, with the highest 
count of the fall quarter on September 23, 1986. 
Southward migration began in November. 
Counts in the southern areas increased at the 
same time Banana River counts declined. In 
winter, counts in Volusia County, in the Banana 
River, and in southern Brevard County declined 
to zero by late December 1986. Counts increased 
in winter in the segments containing power 
plants: northern Brevard County had a high 
count of 95 on January 13, 1987; the area from 
southern Brevard County to St. Lucie County had 
a high count of 118 on December 30, 1986; and 
the area from St. Lucie to Palm Beach counties 
had a high count of 53 on January 14, 1987.
Brevard County
The waters of the Banana and Indian rivers 
in Brevard County offer a unique diversity of 
habitat and are used by manatees throughout the 
year. During winter months, manatees aggregate 
in the warm-water effluents of two power plants 
in Brevard County (OUC Indian River [now 
Reliant] and FPL Cape Canaveral) and disperse 
during warmer months. Other manatees summer 
north of Brevard County and migrate through 
the county on their way to wintering areas 
farther to the south (Deutsch et al., 2003).
The results from these surveys in Brevard County 
were compared to results of previous surveys by 
Shane (1984) from June 1978 to February 1980. 
The same flight route and survey methods were 
used. In our surveys, the highest count from 
the Indian River was 128 animals in February 
1986, and the highest count from the Banana 
River was 292 in April 1986. These counts were 
both higher than any previous count by Shane. 
Possible factors that could have accounted for 
the apparent increase in manatee use of this area 
included the following: the number of deaths 
in Brevard County in those years remained 
relatively constant; increased immigration into 
the area; and increased birth rate. Another 
hypothesis is that the Brevard power plants 
produced more hot water in some years than 
in others and attracted more animals. It is 
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  92
also possible that the population of manatees 
increased on the east coast (Runge et al., 2004). 
We hope that in the future, improved aerial 
survey methodologies and new modeling efforts 
will shed light on the size and status of the 
Florida manatee population on the east coast.
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FWC biologist Holly Edwards and pilot Pete Flynn conducting a manatee survey.  Photo P. Quinn.
Chapter 7__________
Manatee Distribution in 
Indian River County, Florida, 2002–2004
Sara L. McDonald, Christy A. Hudak
Introduction 
Researchers first conducted manatee aerial 
surveys in Indian River County in 1973. Hartman 
(1974) completed a limited number of manatee-
distribution surveys covering the Atlantic Coast 
from Brunswick, Georgia, to the Florida Keys. 
In Indian River County, he reported manatee 
sightings throughout the Indian River, which 
runs the length of the county. Manatees were 
concentrated at the mouth of the Main Canal 
in Vero Beach, in Vossinbury and Bethel creeks, 
McCullers Cove, and the Saint Sebastian River 
(Hartman, 1974). In 1977, Leatherwood (1979) 
opportunistically recorded sightings of manatees 
while conducting aerial surveys of Atlantic 
bottlenose dolphins. He documented manatees 
near Sebastian Inlet, along the Intracoastal 
Waterway (ICW), and near the Jungle Trail and 
Indian River Narrows. Between 1977 and 1980, 
Rose and McCutcheon (1980) surveyed industrial 
warm-water discharges. They recorded manatees 
at the Vero Beach Municipal power plant during 
59% of their flights. Manatees used the power 
plant principally in December and March, as a 
warm-water stopover during their late-fall and 
early-spring migrations (Rose and McCutcheon, 
1980).
Prior to the present study, the most recent
distribution surveys for Indian River County 
were conducted between June 1985 and 
December 1987 by the Florida Fish and 
Wildlife Conservation Commission (FWC, then 
Department of Natural Resources) (Chapter 6, 
this volume). Highest counts were recorded in 
winter and spring, specifically in December, 
February and April. High-use areas were the 
Saint Sebastian River and Inlet, the C-54 Canal, 
near the Jungle Trail and Indian River Narrows, 
the Vero Beach power plant, and the southern 
portion of the county.
Manatee distribution surveys can convey a 
broad picture of seasonal manatee locations 
and identify important habitat features that 
attract manatees. This chapter discusses manatee 
distribution and counts collected during aerial 
surveys conducted in Indian River County from 
July 2002 to June 2004. 
Methods
Study Area
The study area includes the Saint Sebastian River, 
the C-54 Canal, Sebastian Inlet, and the Indian 
River. These waterways are part of the Indian 
River Lagoon system, one of the most diverse 
estuaries in North America. “The Indian River 
[Lagoon] system includes a drainage area of 
3,280 km2 with a total estuarine zone of 740 km2” 
(Livingston, 1990). With the exception of a small 
area in Vero Beach (between channel marker 
133 and the 17th Street Bridge), the Indian River 
(including the Saint Sebastian River and Creek) 
is classified as a state Aquatic Preserve and an 
Outstanding Florida Water (OFW). According 
to the Florida Department of Environmental 
Protection (FDEP), an OFW is any water 
Sara L. McDonald and Christy A. Hudak, Florida 
Fish and Wildlife Conservation Commission, Fish 
and Wildlife Research Institute, 100 Eighth Avenue 
S.E., St. Petersburg, FL 33701 USA. Present addresses: 
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Aquarium, 886 Cannery Row, Monterey, CA 93940 USA. 
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Map 1  Four zones used in spatial analysis of aerial surveys of manatee distribution conducted from July 2002 to June 
2004 in Indian River County, Florida (n = 47 surveys).
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Map 2  Flight path followed during aerial surveys of manatee distribution in Indian River County, Florida (n = 47 
surveys) from July 2002 to June 2004 (2002_2004_Dist_Indian_River_FlightPath data set).
designated worthy of special protection because 
of its natural attributes (http://www.dep.state.
fl.us/water/wqssp/ofw.htm). Waters with 
the OFW designation include these in federal 
and state parks, refuges, seashores, preserves, 
reserves, and “special waters” (http://www.
dep.state.fl. us/water/wqssp/ofw.htm). The 
northern portion of the county also includes the 
Pelican Island National Wildlife Refuge. This 
refuge, designated to protect historic wading bird 
rookeries and migratory bird habitat, consists of 
5,413 acres located between the Sebastian Inlet 
State Park and the Wabasso Causeway (http://
www.fws.gov/southeast/pubs/facts/plccon.
pdf). It is also a National Historic Landmark, 
National Wilderness Area, and Wetland of 
International Importance.
At the northern end of the county, the C-54 
Canal empties into the Saint Sebastian River, 
which flows toward the Indian River across 
from Sebastian Inlet. Both the C-54 Canal and 
Saint Sebastian River are included in the Saint 
Sebastian River Preserve State Park. The portion 
of the Indian River in northern Indian River 
County is broad (approx. 4,200 meters wide) but 
narrows farther to the south. Wabasso and Pine 
islands divide the river into the Jungle Trail and 
Indian River Narrows. The two narrows rejoin 
near channel marker 120, across from the North 
Canal in Grand Harbor. The river then becomes 
quite narrow in Vero Beach (approx. 500 meters), 
with several coves and creeks to the east. The 
river begins to widen south of the SR 60 bridge. 
The Vero Beach Municipal power plant is located 
near the 17th Street Bridge. The river widens 
again (roughly 2,000 meters) south to the St. 
Lucie County line.
 The study area was divided into four zones for 
analysis (Map 1). Zone 1 encompassed the Saint 
Sebastian River and the C-54 Canal east of the 
spillway. Zone 2 included Sebastian Inlet and 
the Indian River from the Brevard County line 
south to the SR 510 Bridge. Zone 3 encompassed 
the Indian River and canals between the SR 510 
Bridge and the Merrill P. Barber Bridge (SR 60). 
Zone 4 encompassed the Indian River and canals 
south of the Merrill P. Barber Bridge (SR 60) to 
the St. Lucie County line.
Aerial Survey Protocols
FWC manatee research staff from the Southeast 
Field Station in Tequesta conducted aerial 
surveys twice per month from July 2002 to June 
2004 (n = 47). In March 2003, only one survey 
was made. The second survey for that month was 
postponed to April 1st because of poor weather 
conditions, creating three surveys in April. In 
March 2004, again only one survey was made 
(March 22) because weather conditions were 
poor throughout the month. Surveys started and 
ended at the Stuart airport. The average survey 
time was 2.8 hours (Hobbs meter), not including 
the one-hour transit time to and from the survey 
area. The plane followed a standard survey 
route, depicted in Map 2. Adjustments were 
made to the route because of weather conditions, 
airport traffic, and residential areas. For example, 
surveys were conducted at approximately 152 
meters (500 feet) altitude except over “The 
Moorings” development where the altitude was 
increased to 305 meters (1,000 feet).
Each survey started at the entrance to the Saint 
Sebastian River. Several tracks were over-flown 
throughout the river and the C-54 Canal before 
continuing to Sebastian Inlet and then south to 
the county line (Map 2). Staff conducted surveys 
from a Cessna 172, FWC seaplane, or a helicopter. 
The helicopter was used only twice during 
maintenance repairs of the scheduled aircraft. For 
the first year (July 2002–June 2003), FWC Law 
Enforcement personnel piloted the planes. After 
June 2003, a private contractor was employed. 
During the surveys the primary observer sat in 
the front right seat, while a secondary observer, if 
present, occupied the rear right seat.
Data Analysis
We examined two full years of survey data
seasonally, quarterly, and monthly from July
2002 to June 2004. We defined seasons as winter 
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(December–February); spring (March–May); 
summer (June–August); and fall (September–
November). The warm season included spring, 
summer, and fall, and the cold season contained 
only the winter months. Significant differences 
between seasons and between months were 
evaluated using a One-Way Analysis of Variance 
(ANOVA) or the non-parametric Kruskal-
Wallis One-Way Analysis of Variance on Ranks 
(K-W test, SigmaStat® 2.03, 1997). A significant 
difference indicated that differences in the mean 
values (median values for K-W test) between the 
seasons or between months were greater than 
would be expected by chance. Dunn’s Method of 
Pairwise Multiple Comparison Procedures was 
then employed to isolate the group or groups 
that differ from the others (SigmaStat® 2.03, 
1997). Using two-way contingency tables, we 
analyzed the association of season and group 
size, month and group size, season and zone, and 
month and zone. A Pearson chi-square test was 
employed to detect a significant difference from 
an expected distribution (SigmaStat® 2.03, 1997). 
A significant difference indicated that the two 
variables were not completely independent.
The raw data from this aerial survey are in GIS 
format but were not included on the FWC–FWRI 
CD–ROM (FWC, 2000). These data are available 
on the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
Results
Water clarity varied throughout the survey area.
The Saint Sebastian River and the C-54 Canal had 
the highest turbidities. Clear waters were seen 
in zone 2 when the tide was coming in through 
the Sebastian Inlet. Poor water quality persisted 
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Indian River County
(23.1/survey, Map 4). The significant difference be-
tween quarterly counts can be attributed to differ-
ences in the medians of summer and winter counts.
Although not statistically significant (H = 14.74, P =
0.20), strong monthly differences were also noted.
Monthly observations peaked in February with 192.3
manatees per survey (Figure 1). Lowest counts per
survey (19.8) were recorded in June.
The majority of manatees (25.6 per survey) were ob-
served in zone 4 (south county). Zone 1 (Sebastian
River) had the second-highest count per survey (10.4).
Zones 2 (6.9/survey) and 3 (6.6/survey) (north and mid-
cou ty) had similar counts. We recorded the hig est
counts p r season in th  southe n portion of the county
Manatees %
Date Adults Calves Total Calves Quarter
23 Jul 02 23 2 25 8.0 Summer
30 Jul 02 28 3 31 9.7 Summer
20 Aug 02 27 2 29 6.9 Summer
27 Aug 02 36 2 38 5.3 Summer
18 Sep 02 48 4 52 7.7 Fall
26 Sep 02 27 1 28 3.6 Fall
09 Oct 02 24 2 26 7.7 Fall
23 Oct 02 65 4 69 5.8 Fall
12 Nov 02 25 1 26 3.8 Fall
21 Nov 02 46 2 48 4.2 Fall
11 Dec 02 65 2 67 3.0 Winter
23 Dec 02 36 6 42 14.3 Winter
14 Jan 03 12 3 15 20.0 Winter
28 Jan 03 6 0 6 0.0 Winter
05 Feb 03 112 15 127 11.8 Winter
19 Feb 03 206 17 223 7.6 Winter
06 Mar 03 27 3 30 10.0 Spring
01 Apr 03 54 2 56 3.6 Spring
14 Apr 03 58 7 65 10.8 Spring
24 Apr 03 36 2 38 5.3 Spring
08 May 03 44 4 48 8.3 Spring
27 May 03 31 2 33 6.1 Spring
09 Jun 03 15 1 16 6.3 Summer
25 Jun 03 30 2 32 6.3 Summer
Table 1 Summary of aerial survey dates (n = 47 surveys), manatee counts, and percentage of calves, July 2002 to June 2004,
Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
Manatees %
Date Adults Calves Total Calves Quarter
15 Jul 03 17 0 17 0.0 Summer
28 Jul 03 10 2 12 16.7 Summer
08 Aug 03 32 2 34 5.9 Summer
22 Aug 03 12 0 12 0.0 Summer
03 Sep 03 21 0 21 0.0 Fall
16 Sep 03 39 2 41 4.9 Fall
07 Oct 03 26 1 27 3.7 Fall
29 Oct 03 36 1 37 2.7 Fall
17 Nov 03 56 2 58 3.4 Fall
25 Nov 03 46 0 46 0.0 Fall
03 Dec 03 65 5 70 7.1 Winter
15 Dec 03 93 9 102 8.8 Winter
12 Jan 04 32 6 38 15.8 Winter
25 Jan 04 44 4 48 8.3 Winter
09 Feb 04 222 19 241 7.9 Winter
23 Feb 04 162 16 178 9.0 Winter
22 Mar 04 51 4 55 7.3 Spring
14 Apr 04 23 1 24 4.2 Spring
26 Apr 04 23 1 24 4.2 Spring
10 May 04 24 0 24 0.0 Spring
24 May 04 17 0 17 0.0 Spring
07 Jun 04 20 1 21 4.8 Summer
22 Jun 04 10 0 10 0.0 Summer
Total 2,162 165 2,327 7.1
Table 2 Manatee aerial survey counts (mean, minimum, maximum) by season (n = 47 surveys), July 2002 through June
2004, Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
No. of %
Surveys Mean Min Max Calves
Total 47 49.5 6 241 7.1
Season
Cold (Dec.–Feb.) 12 96.4 6 241 8.8
Warm (Mar.–Nov.) 35 33.4 10 69 5.5
Quarter
Winter (Dec.–Feb.) 12 96.4 6 241 8.8
Spring (Mar.–May) 11 37.6 17 65 6.5
Summer (Jun.–Aug.) 12 23.1 10 38 6.1
Fall (Sep.–Nov.) 12 39.9 21 69 4.2
l  1  Summary of aerial survey dates (n = 47 surveys), manate  counts, and percentage of calves, July 20 2 to June 2004, Indian 
River County, Florida (2002_2004_Dist_Indian River_Points data set).
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Indian River County
(23.1/survey, Map 4). The significant difference be-
tween quarterly counts can be attributed to differ-
ences in the medians of summer and winter counts.
Although not statistically significant (H = 14.74, P =
0.20), strong m nthl  differences were also noted.
Monthly observations peaked in February with 192.3
manatees per survey (Figure 1). Lowest counts per
survey (19.8) were recor ed in June.
The majority of manatees (25.6 per survey) were ob-
served in zone 4 (south county). Zone 1 (Sebastian
River) had the second- ighest count per survey (10.4).
Zones 2 (6.9/survey) and 3 (6.6/survey) (north and mid-
county) had similar counts. We recor ed t e highest
counts per seaso  in the southern portion of the county
M natees %
Date Adults Calves Total Calves Quarter
23 Jul 02 23 2 25 8.0 Summer
30 Jul 02 28 3 31 9.7 Summer
20 Aug 02 27 2 29 6.9 Summer
27 Aug 02 36 2 38 5.3 Summer
18 Sep 02 48 4 52 7.7 Fall
26 Sep 02 27 1 28 3.6 Fall
09 Oct 02 24 2 26 7.7 Fall
23 Oct 02 65 4 69 5.8 Fall
12 Nov 02 25 1 26 3.8 Fall
21 Nov 02 46 2 48 4.2 Fall
11 Dec 02 65 2 67 3.0 Winter
23 Dec 02 36 6 42 14.3 Winter
14 Jan 03 12 3 15 20.0 Winter
28 Jan 03 6 0 6 0.0 Winter
05 Feb 03 112 15 127 11.8 Winter
19 Feb 03 206 17 223 7.6 Winter
06 Mar 03 27 3 30 10.0 Spring
01 Apr 03 54 2 56 3.6 Spring
14 Apr 03 58 7 65 10.8 Spring
24 Apr 03 36 2 38 5.3 Spring
08 May 03 44 4 48 8.3 Spring
27 May 03 31 2 33 6.1 Spring
09 Jun 03 15 1 16 6.3 Summer
25 Jun 03 30 2 32 6.3 Summer
Table 1 Summary of aerial survey dates (n = 47 surveys), manatee counts, and percentage of calves, July 2002 to June 2004,
Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
M natees %
Date Adults Calves Total Calves Quarter
15 Jul 03 17 0 17 0.0 Summer
28 Jul 03 10 2 12 16.7 Summer
08 Aug 03 32 2 34 5.9 Summer
22 Aug 03 12 0 12 0.0 Summer
03 Sep 03 21 0 21 0.0 Fall
16 Sep 03 39 2 41 4.9 Fall
07 Oct 03 26 1 27 3.7 Fall
29 Oct 03 36 1 37 2.7 Fall
17 Nov 03 56 2 58 3.4 Fall
25 Nov 03 46 0 46 0.0 Fall
03 Dec 03 65 5 70 7.1 Winter
15 Dec 03 93 9 102 8.8 Winter
12 Jan 04 32 6 38 15.8 Winter
25 Jan 04 44 4 48 8.3 Winter
09 Feb 04 222 19 241 7.9 Winter
23 Feb 04 162 16 178 9.0 Winter
22 Mar 04 51 4 55 7.3 Spring
14 Apr 04 23 1 24 4.2 Spring
26 Apr 04 23 1 24 4.2 Spring
10 May 04 24 0 24 0.0 Spring
24 May 04 17 0 17 0.0 Spring
07 Jun 04 20 1 21 4.8 Summer
22 Jun 04 10 0 10 0.0 Summer
Total 2,162 165 2,327 7.1
Table 2 Manatee aerial survey counts (mean, mini u , maxi um) by season (n = 47 surveys), July 2002 through June
2004, Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
N . of %
Surveys Mean Min Max Calves
Total 47 49.5 6 241 7.1
Season
Cold (Dec.–Feb.) 12 96.4 6 241 8.8
Warm (Ma .–Nov.) 35 33.4 10 69 5.5
Quarter
in r (Dec.–Feb.) 12 96.4 6 241 8.8
Spring (Mar.–May) 11 37.6 17 65 6.5
Summer (Jun.–Aug.) 12 23.1 10 38 6.1
Fall (Sep.–Nov.) 12 39.9 21 69 4.2
           Adults  alv s  T tal   l   rt r
anatees %
t            lts  l s  T t l   l s   uart r
natees
in the deep-dredged canals and the Intracoastal 
Waterway.
We counted 2,327 manatees in Indian River 
County during 47 surveys, for an average of 49.5 
manatees per survey flight (Table 1, 2). Manatees 
were recorded during every survey. Annual 
average counts per survey ranged from 40.1 to 
61.8. Highest counts per survey were recorded 
in 2004, largely because of increases in counts 
in zone 4, the southernmost zone. Statistically 
significant seasonal trends were documented (H 
= 7.35, P = 0.015); almost 50% of the manatees 
were counted during winter (96.4/survey; Table 
2; Map 3). Quarterly means were similar in 
spring (37.6) and fall (39.9). Fewest manatees 
were counted in summer (23.1/survey, Map 4). 
The significant difference between quarterly 
counts can be attributed to differences in the 
medians of summer and winter counts. Although 
not statistically significant (H = 14.74, P = 0.20), 
strong monthly differences were also noted. 
Monthly means peaked in February with 192.3 
manatees per survey (Figure 1). Lowest mean 
counts per survey (19.8) were recorded in June. 
The majority of manatees (25.6 per survey) 
were observed in zone 4 (south county). Zone 1 
(Saint Sebastian River) had the second-highest 
count per survey (10.4). Zones 2 (6.9/survey) 
and 3 (6.6/survey) (north and mid-county) had 
similar counts. We recorded the highest counts 
per season in the southern portion of the county 
(zone 4) except in summer, when sightings per 
survey were highest in the north (zone 2).
Of the 1,007 groups of manatees seen, 62% (684) 
contained only one individual. Average group 
size was 2.1 manatees. The largest group had 35 
individuals. Groups with ten or more manatees 
were concentrated in zones 4 and 1. Specifically, 
large groups were concentrated near the Vero 
Beach power plant, the north fork of the Saint 
Sebastian River, and the C-54 Canal. Group size 
changed significantly with season, where 
significantly more large groups (≥10 manatees) 
than expected were observed in winter (χ² = 21.4, 
P < 0.001).
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Indian River County
(23.1/survey, Map 4). The significant difference be-
tween quarterly counts can be attributed to differ-
ences in the medians of summer and winter counts.
Although not statistically significant (H = 14.74, P =
0.20), strong monthly differences were also noted.
Monthly observations peaked in February with 192.3
manatees per survey (Figure 1). Lowest counts per
survey (19.8) were recorded in June.
The majority of manatees (25.6 per survey) were ob-
served in zone 4 (south county). Zone 1 (Sebastian
River) had the second-highest count per survey (10.4).
Zones 2 (6.9/survey) and 3 (6.6/survey) (north and mid-
county) had similar counts. We recorded the highest
counts per season in the southern portion of the county
Manatees %
Date Adults Calves Total Calves Quarter
23 Jul 02 23 2 25 8.0 Summer
30 Jul 02 28 3 31 9.7 Summer
20 Aug 02 27 2 29 6.9 Summer
27 Aug 02 36 2 38 5.3 Summer
18 Sep 02 48 4 52 7.7 Fall
26 Sep 02 27 1 28 3.6 Fall
09 Oct 02 24 2 26 7.7 Fall
23 Oct 02 65 4 69 5.8 Fall
12 Nov 02 25 1 26 3.8 Fall
21 Nov 02 46 2 48 4.2 Fall
11 Dec 02 65 2 67 3.0 Winter
23 Dec 02 36 6 42 14.3 Winter
14 Jan 03 12 3 15 20.0 Winter
28 Jan 03 6 0 6 0.0 Winter
05 Feb 03 112 15 127 11.8 Winter
19 Feb 03 206 17 223 7.6 Winter
06 Mar 03 27 3 30 10.0 Spring
01 Apr 03 54 2 56 3.6 Spring
14 Apr 03 58 7 65 10.8 Spring
24 Apr 03 36 2 38 5.3 Spring
08 May 03 44 4 48 8.3 Spring
27 May 03 31 2 33 6.1 Spring
09 Jun 03 15 1 16 6.3 Summer
25 Jun 03 30 2 32 6.3 Summer
Table 1 Summary of aerial survey dates (n = 47 surveys), manatee counts, and percentage of calves, July 2002 to June 2004,
Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
Manatees %
Date Adults Calves Total Calves Quarter
15 Jul 03 17 0 17 0.0 Summer
28 Jul 03 10 2 12 16.7 Summer
08 Aug 03 32 2 34 5.9 Summer
22 Aug 03 12 0 12 0.0 Summer
03 Sep 03 21 0 21 0.0 Fall
16 Sep 03 39 2 41 4.9 Fall
07 Oct 03 26 1 27 3.7 Fall
29 Oct 03 36 1 37 2.7 Fall
17 Nov 03 56 2 58 3.4 Fall
25 Nov 03 46 0 46 0.0 Fall
03 Dec 03 65 5 70 7.1 Winter
15 Dec 03 93 9 102 8.8 Winter
12 Jan 04 32 6 38 15.8 Winter
25 Jan 04 44 4 48 8.3 Winter
09 Feb 04 222 19 241 7.9 Winter
23 Feb 04 162 16 178 9.0 Winter
22 Mar 04 51 4 55 7.3 Spring
14 Apr 04 23 1 24 4.2 Spring
26 Apr 04 23 1 24 4.2 Spring
10 May 04 24 0 24 0.0 Spring
24 May 04 17 0 17 0.0 Spring
07 Jun 04 20 1 21 4.8 Summer
22 Jun 04 10 0 10 0.0 Summer
Total 2,162 165 2,327 7.1
Table 2 Manatee aerial survey counts (mean, minimum, maximum) by season (n = 47 surveys), July 2002 through June
2004, Indian River County, Florida (2002_2004_Dist_Indian_River_Points data set).
No. of %
Surveys Mean Min Max Calves
Total 47 49.5 6 241 7.1
Season
Cold (Dec.–Feb.) 12 96.4 6 241 8.8
Warm (Mar.–Nov.) 35 33.4 10 69 5.5
Quarter
Winter (Dec.–Feb.) 12 96.4 6 241 8.8
Spring (Mar.–May) 11 37.6 17 65 6.5
Summer (Jun.–Aug.) 12 23.1 10 38 6.1
Fall (Sep.–Nov.) 12 39.9 21 69 4.2
Figure 1  Number of manatees observed per survey (n = 47 
surveys) by month, July 2002–June 2004, Indian River County, 
Florida (2002_2004_Dist_Indian_River_Points data set).
l  2  Manate  aerial survey counts (mean, minimum, maximu ) by sea on (n = 47 surveys), July 200  through June 2004, 
Indian River County, Florida (2002_2004_Dist_Indian_River Points data set).
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Map 3  Cold-season sightings of manatees during aerial surveys in Indian River County, Florida (December–February; 
n = 12 surveys) from July 2002 to June 2004 (2002_2004_Dist_Indian_River_Points data set).
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Map 4  Warm-season sightings of manatees during aerial surveys in Indian River County, Florida (March–November; 
n = 35 surveys) from July 2002 to June 2004 (2002_2004_Dist_Indian_River_Points data set).
We counted 165 calves (mean percent calves was 
6.2), an average of 3.5 calves per survey. Calves 
were recorded during 39 of 47 surveys (83%), 
during all four seasons. However, the majority 
of calves were documented in winter (102 total, 
8.5 calves per survey). Calves were most often 
observed in zones 4 and 1 (2.1 and 0.9 calves per 
survey, respectively).
Discussion
Year-round presence of manatees in Indian River 
County indicates that the requisites (forage, 
fresh water, warm water, resting areas) for 
manatees are available at all times. Vero Beach 
power plant and Saint Sebastian River serve as 
warm-water aggregation areas during the cold 
season. Bangs (1895) first documented manatee 
winter use of the Saint Sebastian River in 1895. 
Manatee use of the Vero Beach power plant is 
also well documented (Hartman, 1974; Irvine 
and Campbell, 1978; Rose and McCutcheon, 
1980; Beeler and O’Shea, 1988; Reynolds and 
Gluckman, 1988; Garrott et al., 1994; Ackerman, 
1995; Reid et al., 1995; Reynolds, 1996, 2000, 
2002; Deutsch, 2000; Deutsch et al., 2000, 2003). 
However, neither the power plant nor the 
Saint Sebastian River provides warm enough 
temperatures to sustain large aggregations 
in the coldest parts of the winter (Rose and 
McCutcheon, 1980). Data indicate peak use at 
the beginning and end of winter, and lower 
counts in midwinter. Rose and McCutcheon 
(1980) documented similar temporal use of the 
power plant. Manatees use the warm-water 
sites in Indian River County as stopover areas 
during their spring and fall migrations between 
southern Florida and Brevard County or 
between southern Florida and northern Florida 
and southern Georgia (Rose and McCutcheon, 
1980; Deutsch et al., 2003). Deutsch et al. (2003) 
specifically identified the Saint Sebastian River as 
“the most important migratory stopover site in 
the central region.” In addition, Reid et al. (1991) 
and Deutsch et al. (2000, 2003) described within-
season migrations of manatees, between warm-
water sites in Brevard County and those in south 
Florida during winter. Manatees travel through 
Indian River County during these trips.
Despite year-round use, when compared to other 
counties with high manatee counts (e.g., Brevard, 
Lee, and Collier), it appears that large numbers of 
manatees are not spending long periods of time 
in Indian River County. According to Deutsch 
et al. (2003), despite areas of suitable habitat, 
tagged manatees regularly used the waters of 
Indian River County as a migratory corridor 
connecting summer ranges in Brevard County 
and northeastern Florida with over-wintering 
sites to the south. Both medium- and long-
distance migrants traveled through Indian River 
County (Deutsch et al., 2003). Their movements 
appeared to be triggered by water temperatures 
of <20°C. Medium-distance migrants began 
their northward movements to Brevard County 
between late February and early April, and 
their return trip began in late November to late 
December. The long-distance migrants would 
begin the first portion of their trip from SE 
Florida to Brevard County in February or March 
and later continue to northeast Florida. Their 
return trips would take them through Indian 
River County in December (Deutsch et al., 2003). 
These migratory patterns are reflected in peak 
aerial survey counts recorded in December (70.3/
survey) and February (192.3/survey).
Most manatees were observed in the southern 
portion of the county. In addition to the Vero 
Beach power plant, this area contains seagrass 
beds and quiet creeks and canals on both sides 
of the river. These creeks and canals serve as 
attractants presumably because they contain 
fresh water, quiet resting areas, and soft 
sediments that retain heat in cold weather and 
stay cooler during the summer. The majority of 
sightings near Sebastian Inlet occurred during 
the warm season (Map 4). Hartman (1974) 
reported periodic manatee sightings in the 
Atlantic Ocean. Manatees have to pass through 
Sebastian Inlet when traveling between the ICW 
and the Atlantic Ocean. Sebastian Inlet also has 
a sandy bottom that, like the Port Canaveral 
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Locks, may be used as a mating area. Finally, the seagrass beds surrounding the inlet attract manatees 
throughout the year.
Calf sightings were concentrated in the Saint Sebastian River, the Jungle Trail Narrows, and various 
canals and creeks along both sides of the Indian River in the southern portion of the county. These 
areas provide refuge for females with calves, 
are close to seagrass beds, and provide some 
thermoregulatory protection and fresh water.
The largest groups (≥10 manatees) were 
located in warm-water areas of the C-54 
Canal, near the Vero Beach power plant, in 
the canals of Vero Shores, and near Starvation 
Point (Maps 3, 4). Only four of the 27 large 
groups were detected during the warm 
season (Map 4). They were sighted along the 
edges of seagrass beds in various areas of the 
county.
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A mother nursing her calf. The Taino (an indigenous Caribbean 
people) call them manatí, meaning “gentle mother.”
Columbus, upon seeing manatees, remarked that these 
“mermaids” were not so beautiful as the ones of legend.
Introduction 
This chapter reports on manatee aerial surveys 
conducted in St. Lucie and Martin counties 
from November 1990 to June 1993 by the 
Florida Department of Natural Resources (now 
the Florida Fish and Wildlife Conservation 
Commission, FWC–FWRI Southeast Field 
Laboratory). These surveys were initiated to 
update existing information on manatee seasonal 
distribution, obtain minimum population 
estimates, document preferred habitats, and 
provide more detailed distribution data to those 
making management decisions.
Earlier surveys had been conducted in both 
Martin and St. Lucie counties. Hartman (1974) 
conducted one summer survey and described 
manatee activity around Fort Pierce Inlet in 
St. Lucie County and St. Lucie Inlet in Martin 
County. Irvine and Campbell (1978) included 
these counties in two statewide aerial surveys 
conducted during the winter and summer of 
1976. The winter survey in January 1976 yielded 
36 manatees in St. Lucie County and 34 in Martin 
County. Early aerial surveys were also conducted 
in St. Lucie County by Leatherwood (1979; six 
flights, transects 4.6 km apart, August 1977, 
Brevard, Indian River, and St. Lucie counties, 
for dolphins and manatees). The Florida Game 
and Fresh Water Fish Commission (now under 
FWC; unpublished data summarized in Beeler 
and O’Shea, 1988) conducted 15 surveys from 
September 1981 to March 1985 at irregular 
intervals over the St. Lucie Canal, Lake 
Okeechobee, and west to the Caloosahatchee 
River in Fort Myers, with highest counts of 6 
manatees in Martin County and 22 in St. Lucie 
County. Packard (1981, 1985b) surveyed Hobe 
and Jupiter sounds in Martin County in winter 
(25 flights, December 1980 to February 1981) to 
document manatee use of seagrass. Similarly, 
Lefebvre and Powell (1990) made 27 flights over 
Hobe and Jupiter sounds from December 1988 to 
March 1989 to document manatee and seagrass 
distributions.
St. Lucie and Martin counties were surveyed 
as part of five concurrent manatee distribution 
surveys of the Atlantic coast of Florida in 1985–87 
(Chapter 6, this volume). In an intensive one-
year, cooperative interagency effort, four teams 
surveyed five routes from Volusia County south 
to Palm Beach County, usually in a 1- to 2-day 
period. The five teams together conducted twice-
monthly, year-round surveys to cover the six 
counties (December 1985 to January 1987; n = 
27–30 flights each; eight data sets on CD–ROM; 
FWC, 2000). One route was surveyed by the U.S. 
Fish and Wildlife Service (USFWS) in southern 
St. Lucie, Martin, and northern Palm Beach 
counties (S. Marcus, USFWS, unpublished data, 
n = 27 flights, January 1986 to January 1987; 
Chapter 6, this volume; FWC, 2000, manatee 
sightings, AMEMC; flight route, FTEMC data 
sets). This route was similar to the current study 
(1990–93) but extended from the town of Fort 
Pierce to Lake Worth Inlet in Palm Beach County 
and included the Indian River Lagoon and the 
Intracoastal Waterway (ICW), but not the St. 
Lucie River. It did not include the Fort Pierce 
Inlet or Fort Pierce Utilities’ H. D. King municipal 
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power plant (“Fort Pierce power plant”); another 
researcher on the next route to the north covered 
these. The southern end of the survey was the 
Florida Power and Light Company’s (FPL) 
Riviera Beach power plant in Palm Beach County. 
Year-round counts averaged 18.4 manatees (n = 
27 flights, range 0–72 manatees; cold season, n = 
8 flights, x̄ = 37.5, range 11–72; warm season; n = 
19 flights, x̄ = 10.3, range 0–57; Chapter 6, this 
volume).
Another route in the same study (Chapter 6, this 
volume) covered southern Brevard, Indian River, 
and northern St. Lucie counties, the area just to 
the north of the present study area. The Florida 
Department of Natural Resources (FDNR, now 
under FWC) conducted additional flights on 
the same route during a longer time-period (B. 
Weigle, FDNR, unpublished data, n = 63 flights, 
June 1985 to December 1987; FWC, 2000, CD–
ROM, AMII, FTII data sets). The flights extended 
from Grant, near Sebastian Inlet in southern 
Brevard County, south to the Fort Pierce Inlet and 
the Fort Pierce power plant, the northern extent 
of the present study. The five sets of concurrent 
flights documented aggregations of manatees 
during the winter in the northern Indian 
River at two power plants in Brevard County, 
aggregations at three southern power plants 
in Palm Beach and Broward counties, and the 
movements of manatees passing through 
the present study area during the remainder of 
the year.
Long-term aerial surveys of the winter 
aggregation sites have been made since 1977. 
Included were surveys of aggregations at the 
Fort Pierce power plant in St. Lucie County, the 
Hobe Sound National Wildlife Refuge (NWR), 
an unheated winter feeding area in Martin 
County, and six other Atlantic coast power 
plants (Rose and McCutcheon, 1980; Raymond, 
1981; McGehee, 1982; Reynolds and Wilcox, 
1985, 1986, 1994; Reynolds, 2003). The highest 
observed manatee count at the Fort Pierce 
power plant during this long series of flights 
was 84 in January 1990. The highest observed 
count at Hobe Sound was 97 in February 1979; 
however, the survey procedures for this study 
have changed through time, and the counts are 
now conducted on colder days. More recent 
counts may be higher. These sites are secondary 
aggregations. When temperatures are very cold, 
most of the manatees go to primary aggregations. 
The Fort Pierce power plant has released less 
warm water in recent years, and it no longer 
appears to be reliable as a source of warm water 
for manatees. The FPL St. Lucie nuclear power 
plant on Hutchinson Island discharges warm 
water into the Atlantic Ocean, not the Indian 
River Lagoon, so it has never been a warm-water 
refuge for manatees and has not been included 
in these surveys (Rose and McCutcheon, 1980; 
Beeler and O’Shea, 1988).
The purpose of this chapter is to document the 
results of aerial surveys of manatee distribution 
in Martin and St. Lucie counties that were made 
from 1990 to 1993. The raw data from these aerial 
survey studies are available in GIS format on 
the FWC–FMRI CD–ROM (FWC, 2000 [manatee 
sightings, AMLC; flight route FTLC, data 
sets]), and on the FWC website http://ocean.
floridamarine.org/mrgis/Description_Layers_
Marine.htm#marmam.
Methods
Study Area
The study extended from northern St. Lucie 
County southward through Martin County, to 
northern Palm Beach County. In St. Lucie County, 
the study area began just south of the Indian 
River County line. It covered the Fort Pierce Inlet 
and the Fort Pierce power plant and extended 
southward through the Indian River Lagoon 
and ICW. In Martin County, the route extended 
southward to include the St. Lucie Inlet and St. 
Lucie River (North and South forks) and Hobe 
and Jupiter sounds. It ended at the Jupiter Inlet 
in northern Palm Beach County (Map 1).
St. Lucie and Martin counties contain the St. 
Lucie River, the Indian River Lagoon, and the 
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Map 1  Flight path followed during aerial surveys of manatee distribution in St. Lucie and Martin counties, Florida (n = 
40 surveys) from November 1990 to June 1993 (FTLC data set).
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Map 2  Sixteen zones used in spatial analysis of aerial surveys of manatee distribution conducted from November 1990 
to June 1993 in St. Lucie and Martin counties, Florida (n = 40 surveys).
St. Lucie and Fort Pierce inlets. These bodies 
of water receive freshwater input from the 
Okeechobee Waterway and the South Florida 
Water Management District’s (SFWMD) C-23, 
C-24, C-25, and C-44 canals. The St. Lucie River 
to the west, the Indian River Lagoon to the north, 
and the ICW to the south all meet at the St. 
Lucie Inlet. The St. Lucie River is composed of a 
north and a south fork along with many smaller 
tributaries. The north and south forks are mostly 
fresh water, and both have remained reasonably 
pristine. The Okeechobee Waterway empties 
into the South Fork and is the major outlet of 
fresh water coming from Lake Okeechobee. The 
St. Lucie River and its north fork both receive 
fresh water from the C-23 and the C-24 canals. 
During dry seasons, manatees may move farther 
upstream to reach fresh water (Hartman, 1974). 
The Indian River Lagoon extends south from 
Brevard and Indian River counties to Fort Pierce 
Inlet in St. Lucie County and St. Lucie Inlet in 
Martin County. This estuary is wide and shallow 
in most areas and contains many spoil islands. 
The C-25 canal is the only major freshwater 
source in this region. In St. Lucie County, fresh 
water flows into the coastal waterways at Taylor 
Creek, Moore’s Creek, and the north fork of the 
St. Lucie River. Fresh water is also found at the 
Harbor Branch Oceanographic Institute and 
Queen’s Cove development north of Fort Pierce 
(Treasure Coast Regional Planning Council 
[TCRPC], 2000b). South of St. Lucie Inlet, the 
ICW is a narrow dredged canal. It is a primary 
travel corridor for manatees and connects the 
Indian River Lagoon to Hobe and Jupiter sounds 
and Jupiter Inlet to the south in Palm Beach 
County.
Many undeveloped areas under state or federal 
management were part of the study area, 
including the Hobe Sound National Wildlife 
Refuge, Fort Pierce Inlet State Park, St. Lucie 
Inlet State Park, Savannas Preserve State Park, 
the Indian River Aquatic Preserve (the section 
from Vero Beach to Fort Pierce), the Jensen Beach 
to Jupiter Inlet Aquatic Preserve, and the North 
Fork, St. Lucie Aquatic Preserve.
Seagrasses are an important part of manatee 
habitat in Martin and St. Lucie counties. 
Vegetation types vary according to location. 
Manatee-grass (Syringodium filiforme) and shoal-
grass (Halodule wrightii) grow abundantly in the 
Indian River Lagoon. Seagrass beds are located 
in shallow water along the shoreline throughout 
the length of the Indian River Lagoon. Turtle-
grass (Thalassia testudinum), paddle-grass 
(Halophila decipiens), and widgeon-grass (Ruppia 
maritima) are present in the St. Lucie River. The 
largest seagrass beds are in St. Lucie County 
from the lagoon near Big Mud Creek north to 
the Indian River County line and from the St. 
Lucie Inlet south to the Martin County line. 
In Martin County, significant seagrass beds 
exist in the Great Pocket, in Peck Lake, and in 
Hobe and Jupiter sounds (Packard, 1981, 1985b; 
Lefebvre and Powell, 1990; TCRPC, 2000a). Water 
hyacinth (Eichhornia crassipes), hydrilla (Hydrilla 
verticillata), and other plants are found in areas 
with fresh water (Hartman, 1974). In the turbid 
canals of the St. Lucie River, manatees feed on 
bank grasses such as smooth cordgrass (Spartina 
alterniflora) and seaside jointgrass (Paspalum 
vaginatum). In the St. Lucie Canal, manatees feed 
on water hyacinth (Hartman, 1974).
The Fort Pierce power plant is the only warm-
water site in St. Lucie County (Hartman, 1974; 
Beeler and O’Shea, 1988). No warm-water 
refuges are present in Martin County. Five larger 
power plants are located elsewhere in central-
east and southeast Florida in Brevard, Palm 
Beach, and Broward counties.
The study area was divided into 16 zones (Map 
2) for analysis of manatee distribution and later 
pooled into 14 zones. These zones, from north 
to south, with their abbreviations in the data set, 
included the following areas:
1 Indian River 1 and Fort Pierce Inlet (IRP + 
FP)—South Causeway, Rt. A1A, south to Middle 
Point (includes Fort Pierce power plant);
2 Indian River 2 (IRM)—Middle Point south to 
ICW channel marker 210;
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3 Indian River 3 (IRN)—channel marker 210 
south to Jensen Beach Causeway, Rt. 232;
4 Indian River 4 (IRC)—Jensen Beach Causeway 
south to Stuart Causeway, Rt. A1A;
5 Indian River 5 (IRI)—Stuart Causeway south to 
St. Lucie Inlet;
6 Intracoastal Waterway (ICW)—St. Lucie Inlet 
south to Hobe Sound;
7 Hobe and Jupiter Sounds (HJS)—Hobe Sound 
and Jupiter Sound, south to Jupiter Inlet at the 
mouth of the Loxahatchee River about 3 km into 
Palm Beach County;
8 Lower St. Lucie River (LLR)—Sewall Point 
north to Stuart Causeway, and Manatee Pocket;
9 Upper St. Lucie River (ULR)—Stuart Causeway 
west to Roosevelt Bridge, Rt. 1;
10 Lower North Fork of the St. Lucie River (LNF) 
—Roosevelt Bridge north to Kitching Cove;
11 Upper North Fork of the St. Lucie River 
(UNF)—Kitching Cove north to Prima Vista 
Boulevard;
12 Bessey Creek (BC)—Bessey Creek and C-23 
Canal;
13 South Fork of the St. Lucie River (USF + 
LSF)—Roosevelt Bridge south to St. Lucie Lock 
and Dam on the Okeechobee Waterway; and 
14 Atlantic Beach (BCH)—from St. Lucie Inlet 
back north to Fort Pierce Inlet.
Aerial Survey Protocols
Aerial surveys of St. Lucie and Martin counties 
were made twice per month from November 
1990 until June 1993, with some exceptions (Map 
1; Table 1). Only one survey per month was 
made in July and October of 1991, January and 
February of 1992, and from April to September of 
1992. Surveys were not made from October 1992 
until April 1993 because of personnel changes. 
Three surveys were made in May 1993. One 
survey on June 24, 1991, could not be completed 
that day but was completed on June 27; these 
counts were combined (total 23 manatees). 
Four surveys were not fully completed because 
of various difficulties (December 30, 1990; 
September 24 and December 30, 1991; and April 
30, 1992) but could be used for this analysis. 
Two initial practice surveys (August 15 and 
September 18, 1990) and two incomplete surveys 
(September 3, 1990; November 26, 1991) were not 
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ens), and widgeon-grass (Ruppia maritima) are present
in the St. Lucie River.The largest seagrass beds are in
St. Lucie County from the lagoon near Big Mud Creek
north to the Indian River County line and from the St.
Lucie Inlet south to the Martin County line. In Martin
County, significant seagrass beds exist in the Grea
Pocket, in Peck Lake, and in Hobe and Jupiter sounds
(Packard, 1981, 1985b; Lefebvre and Powell, 1990;
TCRPC, 2000a).Water hyacinth (Eichhornia crassipes), hy-
drilla (Hydrilla verticillata), and other plants are found
in areas with fresh water (Hartman, 1974). In the tur-
bid canals of the St. Lucie River, manatees feed on
bank grass s such as smooth cordgrass (Spartina al-
terniflora) and seaside jointgrass (Paspalum vaginatum).
In the St. Lucie Canal, manatees feed on water hy-
acinth (Hartman, 1974).
The Fort Pierce power plant is the only warm-
water site in St. Lucie County (Hartman, 1974; Beeler
and O’Shea, 1988). No warm-water refuges are present
in Martin County. Five larger power plants ar  located
elsewhere in central-east and southeast Florida in Bre-
vard, Palm Beach, and Broward counties.
The study area was divided into 16 zones (Map 2)
for analysis of manatee distribution and later pooled
into 14 zones. These zones, from north to south, with
th ir abbreviations in the data set, include  the fol-
lowing areas:
1 Indian River 1 and Fort Pierce Inlet (IRP + FP)—
South Causeway, Rt. A1A, south to Middle Point (in-
cludes Fort Pierce power plant);
2 Indian River 2 (IRM)—Middle Point south to ICW
channel marker 210;
3 I dian River 3 (IRN)—channel marker 210 south to
Jensen Beach Causeway, Rt. 232;
4 Indian River 4 (IRC)—Jensen Beach Causeway south
to Stuart Causeway, Rt. A1A;
5 Indian River 5 (IRI)—Stuart Causeway south o St.
Lucie Inlet;
6 Intracoastal Waterway (ICW)—St. Lucie Inlet south
to Hobe Sound;
7 Hobe and Jupiter Sounds (HJS)—Hobe Sound and
Jupiter Sound, south to Jupiter Inlet at the mouth of
the Loxahatchee River about 3 km into Palm Beach
Co nty;
8 Lower St. Lucie River (LLR)—Sewall Point north to
Stuart Causeway, and Manatee Pocket;
9 Upper St. Lucie River (ULR)—Stuart Causeway west
to Roosevelt Bridge, Rt. 1;
10 Lower North Fork of the St. Lucie River (LNF) —
Roosevelt Bridge north to Kitching Cov ;
11 Upp r North Fork o  the St. Lucie River (UNF)—
Kitching Cove north to Pri a Vista Boulevard;
12 Bessey Creek (BC)—Bessey Creek and C-23 Canal;
13 South Fork of the St. Lucie River (USF + LSF)—
Roosevelt Bridge south to St. Lucie Lock and Dam
on the Okeechobee Waterway; and 
14 Atlantic Beach (BCH)—from St. Lucie Inlet back
north to Fort Pierce Inlet.
Table 1 Summary of aerial survey dates (n = 40 surveys),
manatee counts, and the percentage of calves, November 1990
to June 1993, St. Lucie and Martin counties, Florida (AMLC
data set).
Manatees %
Date Adults Calves Total Calves Quarter
05 Nov 90 13 0 13 0.0 Fall
19 Nov 90 23 4 27 14.8 Fall
10 Dec 90 53 9 62 14.5 Winter
30 Dec 90 27 4 31 12.9 Winter
09 Jan 91 17 3 20 15.0 Winter
23 Jan 91 68 10 78 12.8 Winter
05 Feb 91 59 8 67 11.9 Winter
17 Feb 91 31 2 33 6.1 Winter
05 Mar 91 47 6 53 11.3 Spring
19 Mar 91 26 2 28 7.1 Spring
09 Apr 91 20 2 22 9.1 Spring
24 Apr 91 5 1 6 16.7 Spring
07 May 91 6 0 6 0.0 Spring
28 May 91 14 1 15 6.7 Spring
10 Jun 91 13 1 14 7.1 Summer
24,27 Jun 91 23 0 23 0.0 Summer
29 Jul 91 13 1 14 7.1 Summer
06 Aug 91 14 1 15 6.7 Summer
20 Aug 91 19 3 22 13.6 Summer
10 Sep 91 26 3 29 10.3 Fall
24 Sep 91 21 2 23 8.7 Fall
25 Oct 91 23 0 23 0.0 Fall
10 Dec 91 42 5 47 10.6 Winter
30 Dec 91 48 4 52 7.7 Winter
17 Jan 92 26 4 30 13.3 Winter
27 Feb 92 26 2 28 7.1 Winter
10 Mar 92 16 1 17 5.9 Spring
28 Mar 92 30 4 34 11.8 Spring
30 Apr 92 14 1 15 6.7 Spring
12 May 92 12 1 13 7.7 Spring
30 Jun 92 9 0 9 0.0 Summer
29 Jul 92 13 3 16 18.8 Summer
13 Aug 92 4 0 4 0.0 Summer
24 Sep 92 17 2 19 10.5 Fall
14 Apr 93 36 7 43 16.3 Spring
06 May 93 13 1 14 7.1 Spring
12 May 93 14 2 16 12.5 Spring
19 May 93 15 3 18 16.7 Spring
08 Jun 93 17 2 19 10.5 Summer
22 Jun 93 15 3 18 16.7 Summer
Total 928 108 1,036 9.3
Table 1  Summary of aerial survey dates (n = 40 surveys), 
a atee co ts, a d the percentage of calves, November 1990 to 
June 1993, St. Lucie and Martin counties, Florida (AMLC data 
set).
suitable for this analysis and were excluded.
The surveys were made and information 
recorded following protocols described in 
Chapter 2 of this volume. Flights were initiated 
and terminated at Witham Airfield in Stuart, on 
the St. Lucie River. Sightings of dolphins were 
also recorded during the flights and entered in 
GIS, although these data are not covered in this 
report and are not on the CD–ROM (FWC, 2000). 
All of the GIS datasets are also available on 
the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
Results
Forty surveys were conducted and a total of 1,036 
manatees were seen (928 adults and 108 calves; 
Table 1; manatee sightings, AMLC; flight route, 
FTLC; FWC, 2000). Manatees were observed 
during all surveys. A mean of 25.9 manatees 
(median = 21, SD = 17.0, range 4–78) was seen 
during each survey. The highest count was 78 
manatees (68 adults, 10 calves) on January 23, 
1991 (Table 1, Figure 1). Calves represented 9.3% 
of the observed manatees and ranged from 0% 
on six dates to 18.8% on July 29, 1992. Average 
group size during the study was 1.9 manatees 
(n = 534 groups, SD = 2.8, median = 1, 95th 
percentile = 5, max. = 44 manatees), with 59% of 
the groups being solitary individuals.
Counts of calves varied with season and were 
highest during the cold season of December–
February (n = 10 flights, x¯ = 44.8 manatees, 
SD = 19.4, range 20–78; ANOVA, P < 0.0001; 
Table 2). In the cold season, 11.2% of the observed 
manatees were calves. Counts in the warm 
season of March–November were lower (n = 30 
flights, x¯ = 19.6 manatees, SD = 10.4, range 4–53), 
having 8.7% calves.
The mean number of manatees counted by 
quarter was highest in winter and lowest 
The eight data sets are available on CD–ROM or on the FWC web site http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam (FWC, 2000; manatee sightings and survey routes) and are 
summarized in Table 1.
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Aeria  Survey Protocols
Aerial surveys of St. Lucie and Martin counties were
made twice per month from Novemb r 1990 until June
1993, with some exceptions (Map 1; Table 1). O ly on
survey per month was made in July and October of
1991, January and February of 1992, and from April to
September of 1992. Surveys were not made from Oc-
tober 1992 until April 1993 because of personnel
changes. Three surveys were made in May 1993. One
survey on June 24, 1991, could not be completed that
day but was completed on June 27; these counts were
combined (total 23 manatees). Four surveys were not
fully completed because of various difficulties (De-
cember 30, 1990; September 24 and December 30, 1991;
and April 30, 1992) but could be used for this analysis.
Two initial practice surveys (August 15 and September
18, 1990) and two incomplete surveys (September 3,
1990; November 26, 1991) were not suitable for this
analysis and were excluded.
The surveys were made and information recorded
following protocols described in Chapter 2 of this vol-
ume. Flights were initiated and terminated at Witham
Airfield in Stuart, on the St. Lucie River. Sightings of dol-
phins were also recorded during the flights and entered
in GIS, although these data are not covered in this re-
port and are not on the CD–ROM (FWC, 2000).
Results
Forty surveys were conducted and a total of 1,036 m n-
atees were seen (928 adults and 108 calves; Table 1; man-
atee sightings, AMLC; flight route, FTLC; FWC, 2000).
Manatees were observed during all surveys. A mean
of 25.9 manatees (median = 21, SD = 17.0, range 4–78)
were seen during each survey.The highest count was
78 manatees (68 adults, 10 calves) on January 23, 1991
(Table 1, Figure 1). Calves represented 9.3% of the ob-
served manatees and ranged from 0% on six dates to
18.8% on July 29, 1992. Average group size during the
study was 1.9 manatees (n = 534 groups, SD = 2.8, me-
dian = 1, 95th percentile = 5, max. = 44 manatees), with
59% of the groups being solitary individuals.
Counts of calves varied with season and were
highest during the cold season of December–February
(n = 10 flights, x¯ = 44.8 manatees, SD = 19.4, range
20–78; ANOVA, P < 0.0001; Table 2). In the cold season,
11.2% of the observed manatees were calves. Counts
in the warm season of March–November were lower
(n = 30 flights, x¯ = 19.6 manatees, SD = 10.4, range
4–53), having 8.7% calves.
Figure 1 Number of manatees observed per flight (n = 40 surveys)
in St. Lucie and Martin counties, Florida, November 1990 to June
1993 (AMLC data set).
Table 2 Aerial survey counts of manatees (mean, minimum, maximum, SD, median, analysis of variance, and percentage
of calves), by season (n = 40 surveys), November 1990 to June 1993, in St. Lucie and Martin counties, Florida. Mean counts
that are not significantly different have the same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 40 25.9 4 78 17.0 21 – 9.3
Seasons
Warm (Mar.–Nov.) 30 19.6 4 53 10.4 17.5 B 8.7
Cold (Dec.–Feb.) 10 44.8 20 78 19.4 40 A 11.2
r2 = 0.42, F = 27.70, df = 1,38, P < 0.0001
Quarters
Spring (Mar.–May) 14 21.4 6 53 13.6 16.5 B 9.7
Summer (Jun.–Aug.) 10 15.4 4 23 5.7 15.5 B 8.1
Fall (Sep.–Nov.) 6 22.3 13 29 5.8 23 B 7.4
Winter (Dec.–Feb.) 10 44.8 20 78 19.4 40 A 11.2
r2 = 0.44, F = 9.64, df = 3,36, P < 0.0001
Figure 1  Number of manatees observed per flight (n = 40 
surveys) in St. Lucie and Martin counties, Florida, November 
1990 to June 1993 (AMLC data set).
Table 2  Aerial survey counts of manatees (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves), 
by season (n = 40 surveys), November 1990 to June 1993, in St. Lucie and Martin counties, Florida. Mean counts that are not 
significa tly different have the same letter in the co umn titled Differe ce of Means.
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Map 3  Cold-season sightings of manatees during aerial surveys in St. Lucie and Martin counties, Florida (December–
February; n = 10 surveys) from November 1990 to June 1993 (AMLC data set).
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Map 4  Warm-season sightings of manatees during aerial surveys in St. Lucie and Martin counties, Florida (March–
November; n = 30 surveys) from November 1990 to June 1993 (AMLC data set).
in summer (Table 2). Winter counts were 
significantly higher than those in spring, 
summer, or fall (P < 0.0001). The highest mean 
count was in December (n = 4 flights, x¯ = 48.0, 
SD = 12.9, range 31–62) and the lowest means 
were in May and August (x¯ = 13.7). The number 
of manatees recorded peaked in January and 
February and declined sharply in April and May. 
Manatee numbers increased again in November 
(Figure 1). The highest percentage of calves was 
seen in the winter quarter (11.2%), followed 
in order of declining percentages by spring, 
summer, and fall (Table 2). 
During the winter quarter, concentrations of 
manatees were near the Fort Pierce power plant, 
at St. Lucie Inlet, and in Hobe and Jupiter sounds 
(Map 3). During the warm season, manatees 
were dispersed widely over the study area (Map 
4), including in tributaries of the St. Lucie River.
Manatees were not evenly distributed over the
study area throughout the year (χ² = 260.9, df = 39, 
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counts year-round. Zone 5 (Indian River 5 and St. Lucie
Inlet) was an important area in th  summer (16% of
manatees seen, highest summer percentage) and fall
months (17%); winter and spring had lower use (6% and
9%, respectively). In Martin County, passage to the
Atlantic Ocean is possible only at the St. Lucie Inlet.
Animals migrating north or south, or between the St.
Lucie River and the ocean, must pass through this
zone. Zone 6 (ICW) had high use year-round, especially
in the fall months, when the highest percentage of an-
imals (19%) was seen there.This zone is an important
travel corridor for manatees during the fall migration.
Z ne 7 (Hobe and Jupiter sounds) had relatively
high use in all seasons, with the highest counts in win-
ter (13%). Historically, Jupiter and Hobe sounds have
been heavily used by manatees as winter feeding areas
(Pack rd, 1981, 1985b; Beeler and O’Shea, 1988; Lef b-
vre and Powell, 1990; Rey olds and Wilcox, 1994). Aer-
ial surveys conducted in 1980–81 by Packard (1981,
1985b) showed that Jupiter Sound was an important
feeding site in severe winters because of the abundant
seagrass and because the tidal influx of warmer ocean
water through Jupiter Inlet kept the sound water
warmer. Aerial surveys conducted in a milder winter,
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Table 3 Number of manatees observed during aerial surveys (n = 40 surveys) and percentage of counts made during each
quarter in 14 zones, from north to south, in St. Lucie and Martin counties, Florida, November 1990 to June 1993 (AMLC
data set.
Quarter (Number of Surveys)
Zone Code Winter (10) Spring (14) Summer (10) Fall (6) Total (40)
1 Indian River 1, FP + IRP 187 72 21 18 298
Fort Pierce Inlet, (41.7%) (24.0%) (13.6%) (13.4%) (28.8%)
FP power plant
2 Indian River 2 IRM 70 40 11 24 145
(15.6%) (13.3%) (7.1%) (17.9%) (14.0%)
3 Indian River 3 IRN 12 7 2 18 39
(2.7%) (2.3%) (1.3%) (13.4%) (3.8%)
4 Indian River 4 IRC 8 8 4 2 22
(1.8%) (2.7%) (2.6%) (1.5%) (2.1%)
5 Indian River 5, IRI 27 26 25 23 101
St. Lucie Inlet (6.0%) (8.7%) (16.2%) (17.2%) (9.7%)
6 Intracoastal ICW 51 39 12 25 127
Waterway (11.4%) (13.0%) (7.8%) (18.7%) (12.3%)
7 Hobe Sound and HJS 59 34 17 11 121
Jupiter Sound (13.2%) (11.3%) (11.0%) (8.2%) (11.7%)
8 St. Lucie River LLR 11 28 11 3 53
Main, Lower (2.5%) (9.3%) (7.1%) (2.2%) (5.1%)
9 St. Lucie River, ULR 2 3 1 0 6
Main, Upper (0.5%) (1.0%) (0.7%) (0.0%) (0.6%)
10 St. Lucie River LNF 1 1 3 0 5
North Fork, Lower (0.2%) (0.3%) (2.0%) (0.0%) (0.5%)
11 St. Lucie River, UNF 5 12 12 3 32
North Fork, Upper (1.1%) (4.0%) (7.8%) (2.2%) (3.1%)
12 Bessey Creek BC 8 14 16 4 42
(1.8%) (4.7%) (10.4%) (3.0%) (4.1%)
13 St. Lucie River, LSF + USF 3 12 3 3 21
South Fork (0.7%) (4.0%) (2.0%) (2.2%) (2.0%)
14 Atlantic Beach BCH 4 4 16 0 24
(0.9%) (1.3%) (10.4%) (0.0%) (2.3%)
Total 448 300 154 134 1,036
(n = 1,036 manatees, χ2 = 260.9, df = 39, P < 0.001)
Table 3  Number of manatees observed duri g aerial surveys (n = 40 s rveys) and percentage of counts made during each quarter in 
14 zones, from north to south, in St. Lucie and Martin counties, Florida, November 1990 to June 1993 (AMLC data set.)
P = 0.001; Table 3). During the cold season, 42% 
of observed manatees were in zone 1 (Indian 
River 1 and Fort Pierce Inlet), which includes 
the Fort Pierce power plant. The next highest 
winter use was in zone 2 (Indian River 2), which 
had 16%; followed by zone 7 (Hobe and Jupiter 
sounds), which had 13%. The lowest count in 
winter was in zone 10 (Lower North Fork of 
the St. Lucie River), which had only 0.2% of 
manatees observed. During the spring season, 
zone 1 again had the highest percentage, 24% 
of the manatees observed; followed by zone 2 
at 13%, zone 6 (ICW) at 13%, and zone 7 at 11%. 
Zones 9 (Upper St. Lucie River) and 10 had the 
lowest percentage of manatees observed at 1.0% 
and 0.3% respectively.
Quarterly, zone 1 had the highest use of any 
zone: 42% in winter and 24% in spring (Table 
3). In the summer, zone 5 (Indian River 5 at St. 
Lucie Inlet) had the highest use (16%); and in fall, 
the highest use was in zone 6 (19%). The lowest 
use during winter and spring occurred in zone 
10 (0.2% and 0.3%, respectively). The lowest 
summer use occurred in zone 9 (0.7%). The 
lowest use in fall occurred in zones 9, 10 and 14, 
where no manatees were observed.
Discussion
From 1990 to 1993, an average of 26 manatees per 
survey (range 4–78) were observed year-round 
during 40 aerial surveys in St. Lucie and Martin 
counties. Although these counts do not represent 
a large proportion of the total Florida manatee 
population, aerial surveys and telemetry data 
from tagged animals show that St. Lucie and 
Martin counties are important to manatees for 
migration and winter feeding (Packard, 1981, 
1985b; Lefebvre and Powell, 1990; Lefebvre et 
al., 2000; Deutsch et al., 2003; Chapter 6, this 
volume).
Manatee counts varied with season. Significantly 
more manatees were counted in the cold season 
than in the warm season. Counts peaked in 
December and January, gradually declined in 
March and April, and then dropped to low 
levels from May through October, before rising 
again in November (Figure 1). This seasonal 
change in counts reflects spring and fall manatee 
migrations through these counties. In spring, 
many manatees travel north to Brevard County, 
which has the highest number of manatees in 
summer (Reid et al., 1991, 1995; Deutsch et al., 
2003; Chapters 5 and 6, this volume). As the 
weather cools, manatees begin their yearly 
migration south to warm-water refuges at power 
plants. Warm water is occasionally present at the 
Fort Pierce power plant. However, during the 
coldest times of the year, most of the manatees 
are found farther south at the FPL Riviera Beach 
power plant in Palm Beach County, at two FPL 
power plants in Broward County, or at unheated 
sites in Miami-Dade County (Deutsch et al., 2003; 
FWC–FWRI, unpublished synoptic survey data).
Manatee distribution changes considerably over 
the seasons. In St. Lucie County, zone 1 had 
significantly more manatees in winter than in the 
warm season but was relatively highly used by 
manatees year-round when compared to other 
areas (zones) in the two counties. The focus of 
manatee winter activity has historically been 
at Fort Pierce, near the power plant and at the 
confluence of Taylor Creek, the ICW, and Fort 
Pierce Inlet (Hartman, 1974). The high number 
of manatees in winter in zone 1 can be attributed 
to the presence of the Fort Pierce power plant; 
the availability of fresh water at Taylor Creek, 
which may be the only permanent freshwater 
source in the county; and the proximity to Fort 
Pierce Inlet, which is the only passage to Atlantic 
waters between St. Lucie Inlet 35 km to the south 
and Sebastian Inlet 45 km to the north (Hartman, 
1974). The Ft. Pierce power plant occasionally 
attracts a large number of manatees (up to 84 
have been recorded) when water temperatures 
suddenly cool in winter. In the warm season, 
zone 1 (Fort Pierce and Indian River 1) was 
also an active manatee area, with the second 
highest percentage of manatee use in spring and 
relatively high use in summer and fall.
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Counts in zone 2 (Indian River 2) were high 
(13%–18% of observed manatees) from fall 
through spring quarters. The Indian River 
Lagoon has abundant seagrass beds that attract 
manatees (Hartman, 1974). Zone 3 (Indian River 
3) had relatively low counts in all months except 
fall. The number of manatees increased in this 
zone in the fall as manatees migrated south 
through the study area.
In Martin County, zone 4 (Indian River 4) had 
low counts year-round. Zone 5 (Indian River 5 
and St. Lucie Inlet) was an important area in the 
summer (16% of manatees seen, highest summer 
percentage) and fall months (17%); winter and 
spring had lower use (6% and 9%, respectively). 
In Martin County, passage to the Atlantic Ocean 
is possible only at the St. Lucie Inlet. Animals 
migrating north or south, or between the St. 
Lucie River and the ocean, must pass through 
this zone. Zone 6 (ICW) had high use year-round, 
especially in the fall months, when the highest 
percentage of animals (19%) was seen there. This 
zone is an important travel corridor for manatees 
during the fall migration.
Zone 7 (Hobe and Jupiter sounds) had relatively 
high use in all seasons, with the highest counts 
in winter (13%). Historically, Jupiter and Hobe 
sounds have been heavily used by manatees 
as winter feeding areas (Packard, 1981, 1985b; 
Beeler and O’Shea, 1988; Lefebvre and Powell, 
1990; Reynolds and Wilcox, 1994). Aerial surveys 
conducted in 1980–81 by Packard (1981, 1985b) 
showed that Jupiter Sound was an important 
feeding site in severe winters because of the 
abundant seagrass and because the tidal influx 
of warmer ocean water through Jupiter Inlet 
kept the Jupiter Sound water warmer. Aerial 
surveys conducted in a milder winter, 1988–89, 
by Lefebvre and Powell (1990) showed that Hobe 
Sound was more important to manatees than 
Jupiter Sound during their study. When water 
temperature was not a critical factor, Hobe Sound 
had several advantages over Jupiter Sound as 
a manatee refuge: it had less boat traffic, more 
accessible seagrass beds farther from the main 
channel, and more quiet areas for resting and 
other activities.
Most of the animals using both Hobe Sound 
and the FPL Riviera Beach power plant in Palm 
Beach County are seasonal migrants (Beeler and 
O’Shea, 1988; Deutsch et al., 2003). Results of 
previous power-plant surveys led to speculation 
that the increase in manatees at Hobe Sound 
in the winter was due to an influx of manatees 
seeking warm water at the Riviera Beach power 
plant in Palm Beach County (Beeler and O’Shea, 
1988; Reynolds and Wilcox, 1994). Both Hobe 
and Jupiter sounds are major feeding areas for 
manatees wintering at the Riviera Beach plant 
(Packard, 1981, 1985b; Reynolds and Wilcox, 
1994; Deutsch et al., 2003). Counts have shown 
that on relatively warm winter days, manatees 
leave Riviera Beach to feed in Jupiter and Hobe 
(Reynolds and Wilcox, 1994). Conversely, on cold 
days, manatees tend to remain at the Riviera 
Beach power plant or to travel only a short 
distance to forage, such as to Jupiter Sound, so 
fewer manatees are seen in Hobe Sound.
The St. Lucie River and its tributaries had 15% 
of the manatee sightings year-round, with the 
highest percentage of sightings being in summer 
(30% of sightings, Table 3). Zone 8 (Lower St. 
Lucie River) was used moderately in spring 
(9%) and summer (7%) and little in winter and 
fall. Zone 9 (Upper St. Lucie River) and zone 10 
(Lower North Fork of the St. Lucie River) had 
very low counts year-round. Zone 11 (Upper 
North Fork of the St. Lucie River) and zone 12 
(Bessey Creek) showed a slow increase in counts 
until summer, when 8% and 10% of the manatees 
were seen in the two zones, respectively, 
probably seeking fresh water. In zone 13 (South 
Fork of the St. Lucie River), counts were low 
year-round. In the North and South Fork zones 
(10–13), the water clarity is very poor, reducing 
the probability of seeing manatees, but these 
river zones are apparently too cold to attract 
manatees in winter. Zone 14 (Atlantic Beach) was 
used little by manatees most of the year but had 
10% of the total sightings in summer.
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No manatees were sighted in zones 2, 6, and 8 
during the fall quarter. This too is probably 
a result of the migration of animals south in 
winter. In general, the St. Lucie River and its 
tributaries had lower counts year-round than 
did the Indian River and ICW, indicating that 
manatees spent less time in the St. Lucie River 
than in more coastal areas. Food availability and 
water temperature undoubtedly contribute to 
the differing seasonal distributions throughout 
Martin and St. Lucie counties.
Martin and St. Lucie counties have special 
importance as a travel corridor to the entire 
Atlantic Coast manatee population during spring 
and fall migrations. In the cold season, manatee 
counts (x̄ = 44.8) are double those in the warm 
season (x̄ = 19.6). The seasonal distribution 
patterns found in this study are similar to those 
found in the aerial surveys in 1986–87 (S. Marcus, 
USFWS, unpublished data; FWC, 2000; Chapter 
6, this volume). However, those 1986–1987 flights 
were somewhat less intensive than were those 
in this study, and thus fewer manatees were 
counted in the Indian River Lagoon. Telemetry 
data from 78 radio-tagged manatees confirm 
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Satellite-tagged manatee cow and calf.
that travel through Martin and St. Lucie counties 
is part of a north–south seasonal migration 
(Deutsch et al., 2003). The same telemetry data 
set was analyzed to assess tagged manatees 
traveling through these counties (63 tagged 
manatees, 1986–93; National Biological Survey, 
1994). In Martin County, 82% of movements 
of tagged manatees occurred from December 
through March (TCRPC, 2000a). All movements 
in October and November were to the south, 
which is consistent with a fall–spring migration 
route. In St. Lucie County, 79% of movements 
occurred from December through March 
(TCRPC, 2000b).
These counties serve as important wintering 
and feeding areas for a significant number 
of manatees. Four zones are of particular 
importance. (1) The warm-water refuge at the 
Fort Pierce power plant (zone 1) is an important 
area for manatees in winter; (2) the Indian River 
Lagoon is important year-round for feeding and 
traveling (zones 1–5); (3) the ICW (zone 6) in 
Martin County is an important travel corridor; 
and (4) both Hobe and Jupiter sounds (zone 
7) are important feeding areas, especially for 
manatees wintering at the FPL Riviera Beach 
power plant in Palm Beach County.
The effects of increased boat traffic on seagrasses, 
water clarity, and manatees in these areas have 
been cause for concern (Hartman, 1974; TCRPC, 
2000a, b). Resources important to manatees 
in Martin and St. Lucie counties (warm-water 
refuges, fresh water, and abundant healthy 
seagrass beds) must be protected so that this 
region remains a safe and useful area for the 
endangered Florida manatee.
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Manatees are at ease right side up or upside down.
Introduction 
At the time this study was initiated, most of 
the information available about the Florida 
manatee in Palm Beach, Broward, and Miami-
Dade counties involved manatee use of warm-
water aggregation sites in winter. Except for 
information on manatee use of the power plants, 
little was available on the distribution and 
numbers of manatees in these counties. Moore 
(1951a,b, 1953), Layne (1965), and Hartman 
(1974) discussed manatee distribution in south 
Florida based on limited anecdotal observations. 
Beeler and O’Shea (1988) reviewed aerial-survey 
data to that time.
Earlier surveys were conducted in these three 
counties. Hartman (1974) conducted one 
statewide survey in the summer of 1974 and 
described manatee use in Palm Beach County. 
Irvine and Campbell (1978) made two statewide 
aerial surveys during the winter and summer of 
1976. In January 1976, they counted 62 manatees 
in Palm Beach County, 78 in Broward County, 
and 35 in Martin County. In a separate survey, 
143 were counted in Palm Beach County one 
week earlier.
The Florida Game and Fresh Water Fish 
Commission (GFC, now under FWC) made 15 
surveys, at irregular intervals and covering parts 
of Palm Beach County from September 1981 to 
March 1985, consisting of up to five flights per 
year. Counts of 1 to 89 manatees per survey were 
made in Palm Beach County (GFC unpublished 
data in Beeler and O’Shea, 1988). Surveys 
covered the Intracoastal Waterway (ICW) from 
Fort Lauderdale to the St. Lucie Inlet, then up the 
St. Lucie Canal to Lake Okeechobee and west to 
the Caloosahatchee River in Fort Myers.
Packard (1981, 1985b) surveyed Hobe and Jupiter
sounds in adjacent Martin County in winter (25 
flights, December 1980 to February 1981) to count 
manatees and document their use of seagrass. 
Similarly, Lefebvre and Powell (1990) made 27 
surveys in the same area from December 1988 to 
March 1989 to document manatee and seagrass 
distribution.
Distribution surveys of Northern Palm Beach 
County were made along the Atlantic coast of 
Florida in 1985–1987. In an intensive one-year, 
cooperative inter-agency effort, five teams flew 
routes from Volusia County south to Palm Beach 
County, usually in a one- to two-day period. 
Five sets of twice-monthly, year-round surveys 
covered the six counties (December 1985 to 
January 1987; 27–30 surveys; Chapter 6, this 
volume; eight data sets on CD–ROM, FWC, 
2000). One route was surveyed by the U.S. Fish 
and Wildlife Service (USFWS) in southern St. 
Lucie, Martin, and northern Palm Beach counties 
(S. Marcus, unpublished data, n = 27 surveys, 
January 1986 to January 1987; FWC, 2000). This 
route was similar to the northern part of the 
present study. The southern end of the survey 
was the Florida Power and Light Company’s 
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(FPL) Riviera Beach power plant. Year-round 
counts averaged 18.4 manatees for the three 
counties (27 surveys, range 0–72 manatees; cold 
season, n = 8 surveys, x¯ = 37.5, range 11–72; warm 
season; n = 19 surveys, x¯ = 10.3, range 0–57).
Long-term surveys have been made at the winter 
aggregation sites since 1977, including the FPL 
Riviera Beach power plant in West Palm Beach 
and six other Atlantic coast power plants (Rose 
and McCutcheon, 1980; Reynolds and Wilcox, 
1985, 1986, 1994; Reynolds, 2003). The highest 
observed manatee counts at the Riviera Beach 
power plant prior to this study were 272 on 
January 29, 1986, and 277 on February 14, 1988. 
Synoptic survey counts (1991–2016) at these and 
other east coast power plants can be obtained 
from FWC.
Methods
Study Area
The study area encompassed the entire ICW 
within the boundaries of Palm Beach County,
including the Loxahatchee River north to the 
Palm Beach–Martin County border, the South 
Florida Water Management District’s (SFWMD) 
C-18 canal, the Earman River (SFWMD C-17 
canal), the West Palm Beach Canal (SFWMD 
C-51), the Boynton Canal (SFWMD C-16), the 
Hillsboro Canal, and the nearshore waters along 
the Atlantic Ocean within the county (Maps 1, 2). 
Numerous finger canals and waterways adjacent 
to the ICW were not surveyed because of time 
constraints.
Although most of the landscape along the 
waterways is developed, several undeveloped 
areas under state or federal management were 
part of the study area. These included the Jensen 
Beach–Jupiter Inlet State Aquatic Preserve, the 
Loxahatchee River, Lake Worth Creek State 
Aquatic Preserve, and the John D. MacArthur 
Beach State Park. Hobe Sound National Wildlife 
Refuge is just to the north in Martin County.
The waters in the study area are generally 
estuarine, with fresh water supplied by the 
numerous canals draining lands to the west, and 
by the Loxahatchee River in the northern end of 
the county. Seagrasses present in this area include 
shoal-grass (Halodule wrightii), manatee-grass 
(Syringodium filiforme), paddle-grass (Halophila 
decipiens), Johnson’s seagrass (Halophila johnsonii), 
and turtle-grass (Thalassia testudinum).
Zones
The waterways within the study area were 
divided into ten zones and pooled into seven 
zones for analysis (Map 3):
Zone 1—Atlantic Coast (ATLA): includes the 
waters of the Atlantic Ocean along the beach 
from the Martin County line at the north end of 
the study area to the Broward County line at the 
south end. The waters surveyed along the coast 
were generally <6 m deep.
Zone 2—Jupiter Sound and Loxahatchee River 
(JS, LOX): includes the waters of Jupiter Sound 
and the Loxahatchee River north to the Martin 
County line. Jupiter Sound includes the 3-km 
portion of the ICW from the Jupiter Inlet to the 
Martin County line. Jupiter Sound averages 
approximately 180 m wide and <2 m deep 
outside the ICW channel. This area is regularly 
flushed by clear oceanic water at high tide 
from the Jupiter Inlet and supports dense beds 
of shoal-grass and manatee-grass, as well as 
paddle-grass. The Loxahatchee River also is 
strongly tidally influenced by the Jupiter Inlet. 
The Southwest Fork of the Loxahatchee River has 
been channeled, creating the SFWMD C-18 canal; 
a water-control structure regulates freshwater 
flow into this fork of the river. Dense seagrass 
beds occur in the river immediately west of the 
Florida East Coast Railroad bridge and at the 
mouths of the North and Northwest forks of the 
Loxahatchee River. Oyster reefs are also present 
in the eastern portions of the river. Depths in the 
Loxahatchee are generally <2 m except in the 
C-18 canal, which is 3–4 m deep. 
Zone 3—Lake Worth Creek (LWCR): Lake Worth 
Creek is a narrow, canal-like segment of the ICW, 
14 km long from the Jupiter Inlet south to the 
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Map 1  Northern section of the flight path followed during aerial surveys of manatee distribution in Palm Beach County, 
Florida (n = 53 surveys) from August 1990 to June 1993 (FTPB data set).
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Map 2  Southern section of the flight path followed during aerial surveys of manatee distribution in Palm Beach 
County, Florida (n = 53 surveys) from August 1990 to June 1993 (FTPB data set).
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Map 3  Ten zones used in spatial analysis of aerial surveys of manatee distribution conducted from August 1990 to June 
1993 in Palm Beach County, Florida (n = 53 surveys).
north end of the Lake Worth Lagoon. 
Zones 4, 5, 6—Lake Worth Lagoon (LWN, LWC, 
LWS, NPBW): This coastal lagoon extends for 
approximately 34 km along the central portion of 
the county, and is divided into three zones: north 
(LWN), central (LWC), and south (LWS). The 
Lagoon averages approximately 450 m wide and 
1–4 m deep. The FPL Riviera Beach power plant 
and the North Palm Beach Waterway (NPBW) are 
located in the LWN zone. Two inlets occur within 
the lagoon boundaries: the Lake Worth (Palm 
Beach) Inlet in the LWN zone and the South Lake 
Worth (Boynton) Inlet in the LWS zone. Lake 
Worth Lagoon supports dense seagrass beds near 
the inlets and to a lesser extent throughout the 
lagoon. Additionally, mud flats and oyster reefs 
occur in the central portions of the lagoon.
The North Palm Beach Waterway includes the 
SFWMD C-17 canal (Earman River) from the 
water-control structure east to its intersection 
with the Lake Worth Lagoon, and the adjacent 
dredged basins, waterways, and finger canals 
from the C-17 canal north to its intersection with 
Lake Worth Creek. Depths in this waterway 
average 2–3 m, and much of the shoreline is 
enclosed by seawalls. No seagrasses are present 
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Table 1  Summary of aerial survey dates (n = 57 surveys), manatee counts, and percentage of calves, August 1990 to June 1993, Palm 
Beach County, Florida (AMPB data set).
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Table 1 Summary of aerial survey dates (n = 57a surveys), manatee counts, and percentage of calves, August 1990 to June 
1993, Palm Beach County, Florida (AMPB data set). 
 
Manatees	   %	  
	  
Date	   Adults	   Calves	   Total	  	  Calves	  Quarter	  
	  
	  
29 Aug 90 27 2 29 6.9 Summer 
12 Sep  90 7 0 7 0.0 Fall 
 
Manatees	   %	  
	  
Date	   Adults	   Calves	   Total	  	  Calves	  Quarter	  
	  
	  
06 Dec  91 33 8 41 19.5 Winter 
26,27 Dec  91 73 14 87 16.1 Winter 
 
26 Sep  90 17 0 17 0.0 Fall 17 Jan   92e ,f     275 4 279 1.4 Winter 
16 Oct 90 15 2 17 11.8 Fall 11 Jun 92 15 2 17 11.8 Summer 
23 Oct 90 14 1 15 6.7 Fall 23 Jul 92 14 2 16 12.5 Summer 
14 Nov 90a 6 0 6 0.0 Fall 28 Jul 92 34 8 42 19.0 Summer 
12 Dec 90 151 11 162 6.8 Winter 18 Aug 92 31 2 33 6.1 Summer 
19 Dec 90 97 11 108 10.2 Winter 28 Aug 92 16 1 17 5.9 Summer 
14 Jan 91b 14 0 14 0.0 Winter 09 Sep 92 33 2 35 5.7 Fall 
23 Jan 91c 66 6 72 8.3 Winter 22 Sep 92 31 4 35 11.4 Fall 
14 Feb 91 57 6 63 9.5 Winter 14 Oct 92 7 0 7 0.0 Fall 
17 Feb 91d 144 3 147 2.0 Winter 28 Oct 92 26 2 28 7.1 Fall 
11 Mar 91 43 0 43 0.0 Spring 25 Nov 92 15 0 15 0.0 Fall 
20 Mar 91 38 0 38 0.0 Spring 04 Dec 92 57 13 70 18.6 Winter 
17 Apr 91 12 1 13 7.7 Spring 21 Dec 92 68 14 82 17.1 Winter 
24 Apr 91 24 2 26 7.7 Spring 07 Jan 93 28 4 32 12.5 Winter 
14 May 91 21 1 22 4.5 Spring 13 Jan 93 29 7 36 19.4 Winter 
30 May 91 34 1 35 2.9 Spring 28 Jan 93 20 2 22 9.1 Winter 
19 Jun 91 10 1 11 9.1 Summer 11 Feb 93 97 12 109 11.0 Winter 
25 Jun 91 35 3 38 7.9 Summer 01 Mar 93 135 15 150 10.0 Spring 
10 Jul 91 28 1 29 3.4 Summer 11 Mar 93 68 11 78 14.1 Spring 
31 Jul 91a 10 2 12 16.7 Summer 30 Mar 93 41 8 49 16.3 Spring 
14 Aug 91 12 1 13 7.7 Summer 13 Apr 93 17 1 18 5.6 Spring 
22 Aug 91 25 3 28 10.7 Summer 30 Apr 93 27 3 30 10.0 Spring 
03 Sep 91 7 0 7 0.0 Fall 10 May 93 25 2 27 7.4 Spring 
25 Sep 91a 8 5 13 38.5 Fall 18 May 93 10 1 11 9.1 Spring 
18 Oct 91 12 1 13 7.7 Fall 07 Jun 93 12 2 14 14.3 Summer 
29 Oct 91a 3 0 3 0.0 Fall 29 Jun 93 36 2 38 5.3 Summer 
25 Nov 91 35 7 42 16.7 Fall Total 	   	   2,245 217 2,461 8.8 	  
a Four dates omitted from analysis because four flights were incomplete. b Power plant not counted. c Synoptic Survey 1991–1. 
d Synoptic Survey 1991–2. e Synoptic survey 1992–1. f Calves not distinguished on this flight. Most were near FPL power plant. 
 
 
1990; July 31, September 25, and October 29, 1991) were 
terminated early because of inclement weather.These 
data were entered into a GIS (AMPB data set) but 
were not included in this data analysis. Additionally, 
a survey was terminated early on December 26, 1991, 
and was completed on December 27.T ese tw  surveys 
were combi ed and treated as one complete survey. 
Surveys on February 21 and December 19, 1991, were 
incomplete because of weather or other factors, and the 
data were not entered into a GIS. Two surveys were to 
be conducted in each month, but sometimes logistical 
problems prevented this. Only one survey per month 
was completed during seven of the months; in two 
cases, an extra survey was completed early in the next 
month. No surveys occurred between January 17, 1992, 
 
and June 11, 1992, because a Federal Aviation Admin- 
istration flight waiver had expired. 
Each manatee sighting was plotted on photocopies 
of the 1:40,000 National Ocean Survey nautical chart.The 
study area was broken up into 10 zones, which were 
pooled int  seven zones for analysis. Sightings of dol- 
phins were also recorded during the surveys and en- 
tered into a GIS, although these data are not covered 
in this report and are not on the CD–ROM (FWC, 2000). 
 
Results	  
	  
During 53 complete surveys, 2,428 manatees were ob- 
served, of which 210 were calves (Table 1). The mean 
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1990; July 31, September 25, and October 2 , 1991) were 
terminat d early because of inclement weather.These 
data were entered into a GIS (AMPB data set) but 
were not inclu ed in this data nalysis. Additionally, 
a survey was terminat d early on December 26, 1991, 
and was completed on December 27.Th se two urveys 
were combined and tr ate as one complete survey. 
Surveys on February 21 and December 19, 1991, were 
incomplet  because of weathe  r other factors, and the 
data were not entered into a GIS. Two surveys were to 
be conducted in each month, but sometimes logistical 
problems prevented this. Only one survey per month 
w s completed u ng s ven of the months; in two 
cases, an xtra survey was c mplet d early in th  next 
month. No surveys occurred between January 7, 1992, 
 
and June 11, 1992, because a Federal Aviation Admin- 
is ration flight waiver had expired. 
Each m natee sighting was plotted on photocopies 
of the 1:4 ,000 National Ocean Survey nauti al chart.The 
study rea was broken up into 10 zones, w ich were 
pooled into seven zones for nalysis. Sightings of dol- 
phins were also recor ed during the su veys and en- 
tered into a GIS, althoug  these data are not covered 
in this report and are noton the CD–ROM (FWC, 2000). 
 
Results	  
	  
During 53 complete surveys, ,428 m natees were ob- 
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1990; July 31, Sept mber 25, and October 29, 1991) were 
terminated early because f inclement weather.These 
data were entered into a GIS (AMPB data set) but 
were not included in this data analysis. Additionally, 
a survey was terminated early on December 26, 1991, 
and was completed on December 27.These two surveys 
were combined and treated as one complete survey. 
Surveys on February 21 and December 19, 1991, were 
inco plete becaus  of weather or other factors, and the 
data were not entered into a GIS. Two surveys were to 
be conducted in each month, but sometimes logistical 
problems prevented this. Only one survey per month 
was completed during seven of the months; in two 
cases, an extra survey was completed early in the next 
m n .No surveys occurred between January 17, 1992, 
 
and June 11, 1992, because a Federal Aviation Admin- 
istration flight waiver had expir d. 
Each manatee sighting was plotted on photocopies 
of the 1:40,000 National Ocean Survey nautical chart.The 
study area was broken up into 10 zones, which were 
pooled into seven zones for analysis. Sightings of dol- 
phins were also recorded during the surveys and en- 
tered into a GIS, altho gh th se data are not cov red 
in this report and are not on the CD–ROM (F C, 2000). 
 
Results	  
	  
During 53 complete surveys, 2,428 manatees w re ob- 
served, of which 210 were calves (Table 1). The mean 
t            Adults  C l      Calves  
Ma t s %
t            Adults  C   l   Calves  Qua ter
M t s %
in this area.
Zone 7—ICW South of Lake Worth Lagoon 
(ICWN, ICWS zones): The ICW is narrow and 
canal-like in the 23-km segment from the south 
end of Lake Worth Lagoon south to the Broward 
County line, with two exceptions. Lake Wyman 
and Lake Boca Raton are two shallow (<2 m) 
embayments on the west side of the ICW near 
the Broward county line. Lake Wyman supports 
relatively dense shoal-grass and paddle-grass 
beds used by feeding manatees. The Boca Raton 
Inlet is located at the southern end of the ICW 
(Map 3). The ICW in these two zones averages 
approximately 110 m wide and 3–4 m deep. The 
ICW zone is more intensely developed, and more 
of the shoreline is enclosed by seawalls than the 
LWCR zone. Few seagrasses are present in these 
narrow areas, and numerous residential finger 
canals are adjacent to these two areas.
Aerial Survey Protocols
Twice-monthly aerial surveys of Palm Beach 
County were made from August 1990 to June 
1993 (Table 1). Survey flights were initiated and 
terminated at the West Palm Beach airport and 
lasted approximately 5–6 hours. The surveys 
were conducted and information was recorded 
following protocols described in Chapter 2 of this 
volume). Surveys were made twice per month 
with the following exceptions: four (November 
14, 1990; July 31, September 25, and October 
29, 1991) were terminated early because of 
inclement weather. These data were entered into 
a GIS (AMPB data set) but were not included in 
this data analysis. Additionally, a survey was 
terminated early on December 26, 1991, and was 
completed on December 27. These two surveys 
were combined and treated as one complete 
survey. Surveys on February 21 and December 
19, 1991, were incomplete because of weather 
or other factors, and the data were not entered 
into a GIS. Two surveys were to be conducted in 
each month, but sometimes logistical problems 
prevented this. Only one survey per month was 
completed during seven of the months; in two 
cases, an extra survey was completed early in 
the next month. No surveys occurred between 
January 17, 1992, and June 11, 1992, because a 
Federal Aviation Administration flight waiver 
had expired.
Each manatee sighting was plotted on 
photocopies of the 1:40,000 National Ocean 
Survey nautical chart. The study area was broken 
up into 10 zones, which were pooled into seven 
zones for analysis. Sightings of dolphins were 
also recorded during the surveys and entered 
into a GIS, although these data are not covered 
in this report and are not on the CD–ROM (FWC, 
2000). All of the manatee sightings were entered 
into GIS datasets (on CD-ROM, FWC, 2000) and 
are also available on the FWC website
http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam.
Results
During 53 complete surveys, 2,429 manatees 
were observed, of which 210 were calves (Table 
1). The mean number of manatees observed per 
survey was 45.8 (SD = 49.2), with the highest 
single count of 279 manatees occurring on 
January 17, 1992. Low counts of seven manatees 
were recorded on September 12, 1990, September 
3, 1991, and October 14, 1992. Although the 
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Figure 1  Number of manatees observed per survey (n = 53 
surveys), August 1990 to June 1993, Palm Beach County, 
Florida (AMPB data set).
majority of sightings were of solitary individuals, 
the average group size during the study was 2.35 
manatees (n = 1,033 groups, SD = 4.9, median = 1, 
95th percentile = 5, max = 85 manatees; data sets 
available on CD–ROM, FWC, 2000).
Counts were significantly higher (ANOVA, P < 
0.0001; Table 2, Figure 1) in the cold season (n
 = 15 surveys, x¯ = 88.3, SD = 68.3, range 14–279) 
than in the warm season (n = 38 surveys, 
x¯ = 29.1, SD = 24.9, range 7–150). Seasonal counts 
were further examined by dividing the year into 
four quarters (Table 2). The number of manatees 
observed per survey was highest in winter 
(December–February, n = 15 surveys, x¯ = 88.3, 
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Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of
calves), by season (n = 53 surveys analyzed), August 1990 to June 1993, Palm Beach County, Florida (AMPB data set). Four
dates omitted from analysis because surveys were incomplete. Mean counts that are not significantly different have the same
letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 53 45.8 7 279 49.2 30 – 8.4
Seasons
Cold (Dec.–Feb.) 15 88.3 14 279 68.3 72 A 10.8
Warm (Mar.–Nov.) 38 29.1 7 150 24.9 26.5 B 7.4
r2 = 0.30, F = 21.8, df = 1,51, P < 0.0001
Quarters
Winter (Dec.–Feb.) 15 88.3 14 279 68.3 72 A 10.8
Spring (Mar.–May) 13 41.6 11 150 37.1 30 B 7.3
Summer (Jun.–Aug.) 13 25.0 11 42 10.8 28 B 9.3
Fall (Sep.–Nov.) 12 19.8 7 42 12.1 16 B 5.6
r2 = 0.33, F = 7.88, df = 3,49, P < 0.0002
Table 3 Number of manatees observed in aerial surveys (n = 53 surveys analyzed), and percentage by zone and quarter,
August 1990 to June 1993, Palm Beach County, Florida (AMPB data set).Ten zones in the database were pooled to seven zones.
Column percentages are in parentheses.
Quarter
Zone Code Winter Spring Summer Fall Total
Atlantic Coast ATLA 35 2 15 7 59
(2.6%) (0.4%) (4.6%) (2.9%) (2.4%)
Intracoastal ICWN, 112 67 65 46 290
Waterway, N. and S. ICWS (8.5%) (12.4%) (20.0%) (19.3%) (11.9%)
Jupiter Sound and JS, 167 118 64 51 400
Loxahatchee R. LOX (12.6%) (21.8%) (19.7%) (21.4%) (16.5%)
Lake Worth Creek LWCR 35 9 14 4 62
(2.6%) (1.7%) (4.3%) (1.7%) (2.6%)
Lake Worth North and LWN, 811 233 42 45 1,131
N. Palm Beach Waterway NPBW (61.3%) (43.1%) (12.9%) (18.9%) (46.6%)
Lake Worth Central LWC 27 40 22 18 107
(2.0%) (7.4%) (6.8%) (7.6%) (4.4%)
Lake Worth South LWS 137 72 103 67 379
(10.4%) (13.3%) (31.7%) (28.2%) (15.6%)
Total 1,324 541 325 238 2,428
(n = 1,033 groups containing 2,428 manatees, χ2 = 412.9, df = 18, P < 0.001)
plant have been among the highest recorded at any
power plant in the state (Reynolds and Wilcox, 1994;
Reynolds, 2003). Prior to 1996, manatees were there
more often than at any other east coast power plant.
However, since 1996–97, the highest manatee counts
have occurred more frequently at the two Brevard
County power plants (Reynolds, 2003).
In colder winters, more manatees travel south to
the southern power plants, such as those in Palm Beach
and Broward Co. In the warm winters, counts are
higher at the northern power plants (Brevard Co.).
During the warmer periods between cold fronts, man-
atees dispersed from the po er plants to feeding areas
such as Hobe Sound to the north or Bi cayne Bay to the
.
Edwards & Ackerman Florida Manatee Distribution 1984–2004
FWRI Technical Report TR-00 97
Palm Beach County
Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of
calves), by season (n = 53 surveys analyzed), August 1990 to June 1993, Palm Beach County, Florida (AMPB data set). Four
dates omitted from analysis because surveys were incomplete. Mean counts that are not significantly different have the same
letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
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r2 = 0.30, F = 21.8, df = 1,51, P < 0.0001
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Fall (Sep.–Nov.) 12 19.8 7 42 12.1 16 B 5.6
r2 = 0.33, F = 7.88, df = 3,49, P < 0.0002
Table 3 Number of manatees observed in aerial surveys (n = 53 surveys analyzed), and percentage by zone and quarter,
August 1990 to June 1993, Palm Beach County, Florida (AMPB data set).Ten zones in the database were pooled to seven zones.
Column percentages are in parentheses.
Quarter
Zone Code Winter Spring Summer Fall Total
Atlantic Coast ATLA 35 2 15 7 59
(2.6%) (0.4%) (4.6%) (2.9%) (2.4%)
Intracoastal ICWN, 112 67 65 46 290
Waterway, N. and S. ICWS (8.5%) (12.4%) (20.0%) (19.3%) (11.9%)
Jupiter Sound and JS, 167 118 64 51 400
Loxahatchee R. LOX (12.6%) (21.8%) (19.7%) (21.4%) (16.5%)
Lake Worth Creek LWCR 35 9 14 4 62
(2.6%) (1.7%) (4.3%) (1.7%) (2.6%)
Lake Worth North and LWN, 811 233 42 45 1,131
N. Palm Beach Waterway NPBW (61.3%) (43.1%) (12.9%) (18.9%) (46.6%)
Lake Worth Central LWC 27 40 22 18 107
(2.0%) (7.4%) (6.8%) (7.6%) (4.4%)
Lake Worth South LWS 137 72 103 67 379
(10.4%) (13.3%) (31.7%) (28.2%) (15.6%)
Total 1,324 541 325 238 2,428
(n = 1,033 groups containing 2,429 manatees, χ2 = 412.9, df = 18, P < 0.001)
plant have been among the highest recorded at any
power plant in the state (Reynolds and Wilcox, 1994;
Rey olds, 2003). Prior to 1996, manatees were there
more often than at any other east coast power plant.
However, since 1996–97, the highest manatee counts
have occurred more frequently at the two Brevard
nty power pla ts (Reynolds, 2003).
In colder winters, more manatees travel south to
the southern power plants, such as those in Palm Beach
and Broward Co. In the warm winters, counts are
high r at the northern power plants (Brevard Co.).
During the warmer periods between cold fronts, man-
atees dispersed from the power plants to feeding areas
such as Hobe Sound to the north or Biscayne Bay to the
T ble 2  Manatee aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves), by 
season (n = 53 surveys analyzed), August 1990 to June 1993, Palm Beach County, Florida (AMPB data set). Four dates omitted from 
analysis because surveys were incomplete. Mean counts that are not significantly different have the same l tter in the column titled 
Differe ce of Means.
l  3  Number of manatees observed in aerial surveys (n = 53 surveys analyzed), and percentage by zone and quarter, August 
1990 to June 1993, Palm Be ch County, Florida (AMPB data set).Ten zon s in the da abase were pooled t  s ven zon s. Column 
percentages are in parentheses.
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Table 2 Manatee aeria  survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percent ge of
calves), by season (n = 53 surveys analyzed), A gust 1990 to Ju e 1993, Palm Beach County, Florida (AMPB data set). Four
dates omitted from an ly is because surveys were incomplete. Mean counts that are not significantly different have the same
letter in the column titl d Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD edian of Means Calves
Total 53 45.8 7 279 49.2 30 – 8.4
Seasons
Cold (Dec.–Feb.) 15 88.3 14 279 68.3 72 A 10.8
Warm (Mar.–Nov.) 38 29.1 7 150 24.9 26.5 B 7.4
r2 = 0.30, F = 21.8, df = 1,51, P < 0.0001
Quarters
Winter (Dec.–Feb.) 15 88.3 14 279 68.3 72 A 10.8
Spring (Mar.–May) 13 41.6 11 150 37.1 30 B 7.3
Summer (Jun.–Aug.) 13 25.0 11 42 0.8 28 B 9.3
Fall (Sep.–Nov.) 12 19.8 7 42 12.1 16 B 5.6
r2 = 0.33, F = 7.88, df = 3,49, P < 0.0002
Table 3 Number of manatees obs ved in erial urveys ( = 53 surveys a alyzed), and percent ge by zo e a d quart r,
August 1990 to June 3, Palm Beach County Florida (AMPB data set).Ten zones in the databa e wer  pool d to s v n z n s.
Column percentages are in parentheses.
Quarter
Zone Code Winter Spring Summer Fall Total
Atlantic Coast ATLA 35 2 15 7 59
(2.6%) (0.4%) (4.6%) (2.9%) (2.4%)
Intracoastal ICWN, 112 67 65 46 290
Waterway, N. and S. ICWS (8.5%) (12.4%) (20.0%) (19.3%) (11.9%)
Jupiter Sound and JS, 167 118 64 51 400
Loxahatchee R. LOX (12.6%) (21.8%) (19.7%) (21.4%) (16.5%)
Lake Worth Creek LW R 35 9 14 4 62
(2.6%) (1.7%) (4.3%) (1.7%) (2.6%)
Lake Worth North and LW , 811 233 4 45 1,131
N. Palm Beach Waterw y NPBW (61.3%) (43.1%) (12.9%) (18.9%) (46.6%)
Lake Worth Central LWC 27 40 22 18 107
(2.0%) (7.4%) (6.8%) (7.6%) (4.4%)
Lake Worth South LWS 137 72 103 67 379
(10.4%) (13.3%) (31.7%) (28.2%) (15.6%)
Total 1,324 54 325 238 2,428
(n = 1,033 groups containing 2,429 manatees, χ2 = 412. , df = 18, P < 0.00 )
plant have been amo g the highest recorded at any
power plant in the stat  (Reynolds and Wilcox, 1994;
Reynolds, 2003). Prior t  1996, manatees were there
more often than at any oth r east coast power pl nt.
However, since 1996–97, the highest manatee counts
have occurred more frequently at th  two Brevard
County power plants (Reyn lds, 2003).
In colder winters, more manatees travel south to
the s uthern power plants, such as those in Palm Be ch
and Brow rd Co. I  the warm winters, cou ts are
high at the nort ern powe  plan s (Brevar  Co.).
During the warmer periods between cold fronts, man-
atees dispe sed from the power plants to feeding areas
such as Hobe Sound to the n rth or Biscayne Bay to the
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Map 4  Cold-season sightings of manatees during aerial surveys in Palm Beach County, Florida (December–February; n 
= 15 surveys) from August 1990 to June 1993 (AMPB data set).
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Map 5  Warm-season sightings of manatees during aerial surveys in Palm Beach County, Florida (March–November; n 
= 38 surveys) from August 1990 to June 1993 (AMPB data set).
SD = 68.3), followed by spring (March–May, n = 
13 surveys, x¯ = 41.6, SD = 37.1), summer (June–
August, n = 13 surveys, x¯ = 25.0, SD = 10.8), and 
fall (September–November, n = 12 surveys, x¯ = 
19.8, SD = 12.1). Winter counts were significantly 
higher than spring, summer, and fall counts. 
However, counts in the three warm quarters 
were not significantly different from one another 
(ANOVA, P < 0.0001, Table 2). The average 
number of manatees observed per survey by 
month was highest in February (x¯ = 106.3), and 
lowest in October (x¯ = 16.0). Peak numbers of 
manatees were present during the winter months 
of December, January and February. The number 
of manatees in the study area dramatically 
declined during March and April, slightly 
increased through July, and then declined to their 
lowest levels during September and October.
The mean number of calves for all surveys was 
4.0 (8.4% of manatees observed). The highest 
number of calves per survey and highest 
percentage of calves were seen in December (x¯ = 
11.8 calves, 14.7% calves) and February (x¯ = 7.0, 
7.5%). The lowest were in May (x¯ = 1.3, 6.0%), 
September (x¯ = 1.2, 3.4%), and October (x¯ = 1.2, 
6.7%). The percentage of calves seen per survey 
was highly variable and showed little seasonal 
pattern.
Manatees were not evenly distributed over the 
survey route (χ² = 412.9, df = 18, P < 0.001; Table 
3; Maps 4, 5). In the winter quarter, 61% of the 
1,324 manatees observed were in the Lake Worth 
North zone (LWN), and 43% of the 541 manatees 
seen in spring were also in that zone; but that 
zone contained only 13% of the 325 manatees 
seen in summer and 19% of 238 manatees seen in 
fall. With so many manatees in the Lake Worth 
North zone in winter and spring, almost all of 
the other zones had small percentages of the 
manatees seen in those quarters. The next highest 
use was in the Jupiter Sound/Loxahatchee River 
zone (JS/LOX) at approximately 13% in winter 
and 22% in spring (Table 3).
During the warm quarters, several zones had 
high percentages of manatees. The Jupiter 
Sound/Loxahatchee River zone (JS/LOX) had 
20%–22% of the manatees in each of the warm 
quarters. The Lake Worth South zone (LWS) had 
28%–32% of the manatees in the summer and fall 
quarters. The ICW had 19%–20% of the manatees 
in the summer and fall quarters.
Discussion
Palm Beach County is important to the east-coast 
manatee population as wintering habitat and as 
a travel corridor. The high count of 279 manatees 
seen on one survey during this study (January 
17, 1992) represents 30.8% of the 907 manatees 
counted on the east coast of Florida during 
the January 17–18, 1992, synoptic survey and 
15.0% of the 1,856 manatees counted range-wide 
(Ackerman, 1995). Aerial survey counts represent 
a minimum estimate of the actual number of 
manatees present (Ackerman, 1995).
Southeastern Florida is the primary wintering 
area for manatees on the east coast. Typical use 
of east coast power plants is described in Reid 
et al., 1991; Reynolds and Wilcox, 1994; Deutsch 
et al., 2003; Reynolds, 2003. Manatees migrate 
south as air and water temperatures drop. By 
mid-January, most manatees seen during aerial 
surveys are either at the FPL Riviera Beach 
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Manatees near FPL Riviera Beach power plant, Palm 
Beach County.
power plant in Riviera Beach or at the FPL Port 
Everglades power plant in Fort Lauderdale (78 
km south in Broward County). Some manatees 
move back and forth between the Riviera Beach 
and Port Everglades power plants during the 
winter (Reid et al., 1991; Deutsch et al., 2003).
Maximum counts at the FPL Riviera Beach power 
plant have been among the highest recorded 
at any power plant in the state (Reynolds and 
Wilcox, 1994; Reynolds, 2003). Prior to 1996, 
manatees were there more often than at any other 
east coast power plant. However, since 1996–97, 
the highest manatee counts have occurred more 
frequently at the two Brevard County power 
plants (Reynolds, 2003).
In colder winters, more manatees travel south 
to the southern power plants, such as those 
in Palm Beach and Broward Counties. In the 
warm winters, counts are higher at the northern 
power plants (Brevard Co.). During the warmer 
periods between cold fronts, manatees dispersed 
from the power plants to feeding areas such 
as Hobe Sound to the north or Biscayne Bay to 
the south. In late winter, or during prolonged 
warm periods, many of the migratory manatees 
redistributed northward (Deutsch et al., 2003).
Seasonal Distribution
Counts during this study were highest in 
the winter, followed by spring, summer, and 
fall (Figure 1). Mean monthly counts further 
detail temporal distribution patterns in the 
survey area. The highest counts occurred 
during winter months as manatees used more 
southern waters and aggregation sites during 
cold weather. Lowest counts occurred from 
April through October (Figure 1). The months 
of March and November had somewhat higher 
counts, representing transition periods as many 
manatees migrated south into the survey area 
for the winter and then returned north for the 
summer. These results are similar to those of 
Reynolds and Wilcox (1994).
The migratory nature of east coast manatees 
is further illustrated by other aerial surveys. 
As counts decreased in the spring in Palm 
Beach County and in Broward and Miami-
Dade counties (Chapter 10, this volume), they 
increased in Martin and St. Lucie (Chapter 8, 
this volume), Indian River, and Brevard counties 
(Chapters 5 and 7, this volume), and later in 
Volusia, Flagler, and St. Johns counties (Chapter 
3, this volume) as manatees moved north. 
Summer counts generally remained higher in 
areas north of St. Lucie County through the 
fall season, indicating the preference of many 
manatees to use habitats outside southeast Florida 
during warmer weather (Deutsch et al., 2003). 
Monthly and seasonal counts during this study 
followed a pattern very similar to those 
observed in the Broward/Miami-Dade study, 
1988–90 (Chapter 10, this volume). Although the 
Broward/Miami-Dade survey route included a 
much larger and varied coverage of submerged 
aquatic vegetation on which manatees could 
feed, the Palm Beach route had higher counts 
during the warm months from March through 
November. This suggests that other factors 
besides availability of food resources may 
influence the distribution of manatees in 
southeast Florida outside of the cold season, but 
they are not known at this time.
Manatees were not evenly distributed over the 
survey route by season (Maps 4, 5). The four 
Lake Worth Lagoon (LWL) zones (LWN, LWC, 
LWS, NPBW) together had the highest counts of 
any area year-round, indicating their importance 
to manatees. Of the manatees observed 
throughout this study, 67% were in the Lake 
Worth Lagoon, which has several features that 
attract manatees. The FPL Riviera Beach power 
plant is in this zone. Approximately 88% of the 
submerged aquatic vegetation along the study 
route is also in this zone (Palm Beach County, 
1992), making it a very important feeding area. 
Of the manatees seen in the Lake Worth Lagoon 
(LWL) zone, 35% were recorded as feeding. The 
Lake Worth Lagoon also accounted for 78% of all 
manatees observed feeding during this study.
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Outside of the Lake Worth Lagoon, the 
Loxahatchee River (LOX) and Jupiter Sound 
zones (JS) are important manatee feeding areas; 
22% of manatees seen were recorded as feeding 
in each of the two zones. Most seagrasses in 
the Loxahatchee River zone occur near the East 
Coast Railroad bridge and at the mouths of the 
North and Northwest forks of the river. Although 
seagrasses were more abundant and varied in 
the Jupiter Sound zone, fewer manatees used 
the Jupiter Sound zone than the Loxahatchee 
River for feeding. This may be due to heavy boat 
traffic in Jupiter Sound. Manatees also used Lake 
Wyman in the ICW zone to a lesser extent for 
feeding. Few seagrasses are present in the ICW 
outside of Lake Wyman.
Both Hobe and Jupiter sounds are major feeding 
areas for manatees wintering at the Riviera 
Beach plant (Packard, 1981, 1985b; Reynolds and 
Wilcox, 1994; Deutsch et al., 2003). On relatively 
warm winter days, manatees leave Riviera 
Beach to feed at Jupiter (Palm Beach/Martin 
Co.) and Hobe (Martin Co.) sounds as evidenced 
by decreased counts at the power plant and 
increased counts at Jupiter and Hobe sounds as 
manatees go there to feed (Reynolds and Wilcox, 
1994).
Packard (1981, 1985b) identified Jupiter Sound 
as an important feeding area, 1980–81, followed 
in significance by Hobe Sound (adjacent in 
Martin County), Lake Worth Lagoon, and the 
Loxahatchee River. Aerial surveys conducted in 
a milder winter, 1988–89, by Lefebvre and Powell 
(1990) showed that Hobe Sound was more 
important to manatees than Jupiter Sound during 
their study. In this study (1991–93), Jupiter Sound 
was used less by feeding manatees than the Lake 
Worth Lagoon zone or the Loxahatchee River 
zone. Some of this discrepancy may be due to 
Packard’s survey terminating at the Riviera 
Beach power plant, whereas this study went 
farther south to include the entire Lake Worth 
Lagoon system. Additionally, boat traffic in 
Jupiter Sound has increased since the Packard 
study was completed.
High counts during winter months were 
observed in the North Palm Beach Waterway 
(NPBW) and Loxahatchee River (LOX) zones. 
Both of these zones contain drainage canals 
with water-control structures (C-17 canal in 
NPBW and SFWMD C-18 canal in LOX). These 
structures are an attractive source of fresh water 
for manatees year-round. Small aggregations of 
10–20 manatees were observed resting in both 
canals during cool weather on several occasions, 
suggesting that these dredged areas may serve 
as a thermal refuge during certain periods of 
the winter. Next to the Lake Worth Lagoon, the 
North Palm Beach Waterway had the highest 
February counts, despite its relatively small area. 
Similar patterns of use have been observed in 
other dredged canal systems such as the Little 
River and Coral Gables Waterway in Miami-
Dade County (Chapter 10, this volume), and Port 
of the Islands in Collier County (Chapters 16 
and 17, this volume). These drainage canals are 
deep compared to natural water bodies, probably 
buffering water temperatures during colder 
periods. Other drainage canals are present farther 
to the south, including the SFWMD C-51 (West 
Palm Beach), C-16 (Boynton), and C-15 (Delray) 
canals and the Hillsboro Canal. Manatees were 
observed at times in all of these canals, but no 
aggregations were observed. The SFWMD C-15 
canal in Delray Beach had more sightings than 
the other, non-aggregation canals.
Manatees used the Southwest Fork of the 
Loxahatchee River to a greater extent than any 
other part of the Loxahatchee River, and 67.1% 
of manatees in the Loxahatchee River were in 
the C-18 canal. The availability of fresh water, 
buffered water temperatures during cold periods, 
and protection from boating traffic are some of 
the factors that may attract manatees to this area. 
No manatees were observed in the northwest 
fork of the river during this study. Other studies 
(Packard, 1981, 1985b) found similar patterns in 
manatee use of the Loxahatchee River.
Numerous dredged residential finger canals were 
present along the survey route, but most were 
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not surveyed. Manatees were seen resting in 
some of the canals along the route. Manatees 
were sighted in a few particular canals much 
more often than in others, suggesting a 
preference for those canals. Future research 
should focus on manatee use of these finger canal 
systems, which appear to be important resting, 
birthing, and minor warm-water refuge areas. 
The Atlantic (ATLA) and ICW zones were used 
by manatees primarily as travel routes: 77.2% 
of manatees in the Atlantic zone and 64.5% in 
the ICW were traveling. Manatees tended to 
use the Atlantic zone more during the winter 
months. The Gulf Stream passes closest to the 
coast of Florida at the Lake Worth Inlet, and surf 
temperatures can be warmer than those within 
the ICW during colder periods.
The seasonal distribution patterns found in this 
study are similar to those in the aerial surveys in 
1986–87 (S. Marcus, USFWS, unpublished data; 
FWC, 2000; Chapter 6, this volume). Those flights 
were somewhat less intensive and covered only 
the north half of Palm Beach County.
Palm Beach County is an important wintering 
and feeding area for a significant number 
of manatees. Three areas are of particular 
importance: (1) The FPL Riviera Beach power 
plant is an important winter thermal refuge; (2) 
the ICW is an important travel corridor; and (3) 
both Jupiter and Hobe sounds are important 
feeding areas, especially for manatees wintering 
at the Riviera Beach power plant. In addition, 
much of the Atlantic Coast manatee population 
either winters in Palm Beach County or farther 
south. Consequently this county is an important 
travel corridor for manatees during spring and 
fall migrations (Deutsch et al., 2003).
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Manatee mother and calf. Photo by Meg Martz, FWC.
Introduction 
At the time this study was initiated in 1988, most 
of the information available on the Florida 
manatee in Palm Beach, Broward, and Miami-
Dade counties involved manatee use of warm-
water aggregation sites in winter. Except for 
information on manatee use of the power plants, 
little was available on the seasonal distribution 
and counts of manatees in these counties. Moore 
(1951a,b, 1953), Layne (1965), and Hartman 
(1974) discussed manatee distribution in south 
Florida based on limited anecdotal observations. 
Beeler and O’Shea (1988) reviewed aerial-survey 
data up to that time.
Earlier surveys were conducted in these three 
counties. Hartman (1974) conducted one 
statewide survey in the summer of 1974 and 
described manatee distribution there. Irvine 
and Campbell (1978) made two statewide aerial 
surveys, one each in the winter and summer of 
1976. During the winter survey in January and 
February 1976, they counted 62 manatees in Palm 
Beach County, 78 in Broward County, and 50 in 
Miami-Dade County.
Odell (1976, 1979) conducted year-round surveys 
in Biscayne Bay (July 1974–June 1975, 20 flights) 
and Everglades National Park (1973–76). The 
transect surveys in Biscayne Bay, principally of 
bottlenose dolphins, were made mostly over 
deeper water. No manatees were seen during 
these surveys, but they were seen along the 
shoreline and in rivers, canals, and creeks 
entering Biscayne Bay.
Aerial surveys conducted by FWC–FWRI (then 
the Florida Department of Natural Resources) 
were made from January 1988 to March 1990 
to assess the seasonal distribution patterns of 
manatees in the waters of Palm Beach, Broward, 
and Miami-Dade counties. This information was 
provided to those charged with protecting and 
managing manatees.
Methods
Study Area
The survey area covered in this study included 
the southern portion of Palm Beach County, the 
length of Broward County, and the northern half 
of Miami-Dade County (Maps 1, 2). The survey 
followed the Intracoastal Waterway (ICW) from 
Lake Boca Raton in southern Palm Beach County, 
southward along the ICW in Broward County, 
and ended at Kings Bay on the northwestern 
shore of Biscayne Bay in Miami-Dade County. In 
Broward County, the study area included Hugh 
Taylor Birch State Park and John U. Lloyd Beach 
State Park. In Miami-Dade County, the study 
area included the Oleta River State Park, Bill 
Baggs Cape Florida State Park, and the Biscayne 
Bay State Aquatic Preserve, adjacent to Biscayne 
National Park.
The study area is generally estuarine, with fresh 
water supplied by numerous canals and by the 
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New, Oleta, Little, and Miami rivers, which drain 
interior Florida. The ICW is generally narrow in 
the north and more open in the southern parts of 
the study area. In Broward and extreme northern 
Miami-Dade County, the ICW is a narrow, 
dredged channel (Maps 1, 2). Approximately 80% 
of the ICW shoreline in this portion of the study 
area is enclosed by seawalls or bulkheads. The 
ICW averages approximately 90 m wide and 3.3 
m deep and is largely devoid of seagrasses except 
near the inlets. Sparse shoal-grass (Halodule 
wrightii) and paddle-grass (Halophila decipiens) are 
sometimes present throughout in shallow waters 
near the bulkheads (Palm Beach County, 1992). 
Drift algae, such as Gracilaria, Acanthophora, 
and Hypnea, are patchy in distribution. In 
narrow portions of the ICW are the Boca Raton 
Inlet (Palm Beach County), the Hillsboro inlet 
(Broward County), and the Port Everglades inlet 
(Broward County). Numerous residential canals 
on both sides of the ICW and on the west shore 
of Biscayne Bay were present along the entire 
survey route but were not surveyed. Sources of 
fresh water in these canals are likely to attract 
manatees.
In the remaining part of Miami-Dade County, 
the ICW passes through the large, relatively 
shallow expanse of Biscayne Bay. Water depths 
in the bay range from less than 1 m to more than 
4 m, but depths along the majority of the survey 
route were 1–3 m. The inlets in the Biscayne 
Bay area are Baker’s Haulover to the north and 
Government Cut, Norris Cut, Bear Cut, and 
Biscayne Channel near Virginia Key and Key 
Biscayne to the south (Map 2). An abundance 
of seagrasses such as turtle-grass (Thalassia 
testudinum), manatee-grass (Syringodium filiforme) 
and shoal-grass are present throughout Biscayne 
Bay. Turtle-grass is the predominant species in 
the bay and is most common in the less disturbed 
central and southern portions of the bay. Shoal-
grass and manatee-grass are common in the 
more disturbed, northern basins of Biscayne Bay. 
Seagrasses are most abundant along the western 
shoreline south of the Rickenbacker Causeway. In 
the northern and central parts of the bay, sparse 
paddle-grass beds are occasionally found on bare 
portions of the bottom. Algal communities are 
dominated by Acanthophora, Dictyota, Laurencia, 
and Gracilaria in the northern portions of the 
bay. Halimeda is commonly found in the central 
and southern portions of the bay, whereas algal 
communities composed of Laurencia, Digenia, 
Acetabularia, and Penicillus are prevalent along 
the southern bay shoreline.
The Miami River, Little River, and Coral Gables 
Waterway on the west side of Biscayne Bay were 
also surveyed. Excluding nearshore areas, the 
wider expanses of Biscayne Bay south of the 
Rickenbacker Causeway were not surveyed.
Two power plants frequented by manatees are 
in the study area: Florida Power and Light’s  
Port Everglades and Lauderdale power plants 
in Fort Lauderdale. These plants are among the 
most important aggregation sites for manatees in 
Florida (Rose and McCutcheon, 1980; Reynolds 
and Wilcox, 1994; Reynolds, 2003). The Port 
Everglades plant near the Atlantic Ocean at Port 
Everglades Inlet was surveyed in this study. The 
Lauderdale plant is inland, connected by canals 
to the ICW. Although it is an important manatee 
aggregation site, it was not surveyed in this 
study.
The survey route was originally divided into 
17 zones that are coded in the database (Map 3; 
FWC, 2000). The 17 zones were later pooled into 
six combined zones for analysis, as follows: 
Zone 1—Intracoastal Waterway (ICW), which 
includes HBN, BRN, BRS, HIN, and HIS;
Zone 2—Port Everglades (PE) area, which 
includes PEN and PES; 
Zone 3—Biscayne Bay, North (BISN), which 
includes HBS, BBN, BBS, VIN, and VIS; 
Zone 4—Biscayne Bay, South (BISS), which 
includes KB, CGN, and CGS;
Zone 5—Little River (LR); and 
Zone 6—Miami River (MR).
Aerial Survey Protocols
Twice-monthly aerial surveys were conducted 
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Map 1  Northern section of the flight path followed during aerial surveys of manatee distribution in Broward and 
Miami-Dade counties, Florida (n = 48 surveys) from January 1988 to March 1990 (FTSEC data set).
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Map 2  Southern section of the flight path followed during aerial surveys of manatee distribution in Broward and 
Miami-Dade counties, Florida (n = 48 surveys) from January 1988 to March 1990 (FTSEC data set).
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Map 3  Seventeen zones used in spatial analysis of aerial surveys of manatee distribution conducted from January 1988 
to March 1990 in Broward and Miami-Dade counties, Florida (n = 48 surveys).
between January 1988 and March 1990. No 
surveys were made from January to February 
1989 because staff was not available. In addition, 
only one survey was conducted in October 1989 
and February 1990; otherwise, two surveys 
were conducted in every month. Surveys were 
conducted on July 13, August 11, and September 
23, 1988, but these were not completed because 
weather was poor.
Surveys began and ended at Witham Field in 
Stuart, Florida. The surveys were conducted by 
an observer positioned in the right front seat of 
the plane at an altitude of approximately 150 m 
and airspeed of 125 km/hr. A standard flight 
route was followed on each survey (Maps 1, 2). 
Three passes were made over each section of 
the narrow portions of the ICW between Lake 
Boca Raton in southern Palm Beach County and 
Biscayne Bay in Miami-Dade County (Map 2). 
Two passes were made over the shoreline around 
the edges of northern Biscayne Bay. The wider 
expanses of the bay south to the Rickenbacker 
Causeway were surveyed in east–west transects. 
Two passes were made over the western edge 
of Biscayne Bay south of the Rickenbacker 
Causeway. The shoreline areas around Virginia 
Key and Key Biscayne were surveyed.
Results
Forty-eight aerial surveys were conducted from 
January 1988 to March 1990, and a total of 1,744 
manatees were observed (Table 1). All of the 
manatee sightings were entered into GIS datasets 
(on CD-ROM, FWC, 2000) and are available on 
the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam. Of the manatees observed, 
137 (7.9%) were calves. The mean number of 
manatees observed per survey was 36.3 (SD 
= 45.6, range 2–195); the high count of 195 
manatees occurred on February 18, 1988 (Table 
2, Figure 1). The lowest counts, two manatees 
observed per survey, occurred on May 13, June 
30, September 23, and October 12, 1988. Although 
the majority of sightings (369 of 666 groups, 
55%) were of solitary individuals, group size 
averaged 2.6 manatees (SD = 7.2, median = 1, 
95th percentile = 6, maximum = 100 manatees).
Counts were significantly higher (ANOVA, P < 
0.0001; Table 2) during the cold season (n = 11 
surveys, December–February, x¯ = 108.5, SD = 
43.5, range 58–195) than in the warm season (n 
= 37 surveys, March–November, x¯ = 14.9, SD = 
11.3, range 2–57). Seasonal counts were further 
examined by dividing the year into quarters 
(Table 2). The number of manatees observed 
per survey was highest during the winter (n = 
11 surveys, December–February, x¯ = 108.5, SD = 
43.5, range 58–195), followed by spring (n = 14 
surveys, March–May, x¯ = 21.1, SD = 13.4, range 
2–57), fall (n = 11 surveys, September–November, 
x¯ = 13.5, SD = 10.0, range 2–31), and summer (n = 
12 surveys, June–August, x¯ = 8.9, SD = 5.2, range 
2–23). Winter counts were significantly higher 
than spring, summer, or fall counts (Table 2, 
ANOVA, P < 0.0001). However, the counts in the 
warm quarters were not significantly different 
from each other. The mean monthly count of 
manatees was highest in December (x¯ = 115.3) 
and lowest in July (x¯ = 8.5). Peak numbers of 
manatees occurred during the winter months of 
December, January, February, and early March, 
and counts were variable within each year. The 
number of manatees in the study area declined 
dramatically during March and April and were 
the lowest between May and October. Counts 
began to increase again in December as the 
manatees moved south for the winter.
The overall percentage of calves seen was 8.5%. 
In August, the highest percentage of calves 
were observed per flight (13.9%); the lowest 
percentages were recorded during May (1.6%), 
July (4.9%), and October (4.2%). The highest 
numbers of calves per survey was seen during 
December (x¯ = 7.8), January (x¯ = 7.3), and 
February (x¯ = 9.7). The mean number of calves 
seen was higher in the winter (88.3) than in warm 
months (1.3), although the percentage of calves 
seen per survey was highly variable and showed 
little seasonal pattern.
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Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of
calves), by season (n = 48 flights), January 1988 to March 1990, Palm Beach, Broward, and Miami-Dade counties, Florida
(AMPB data set). Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 48 36.3 2 195 45.6 16 – 8.5
Seasons
Cold (Dec.–Feb.) 11 108.5 58 195 43.5 95 A 8.7
Warm (Mar.–Nov.) 37 14.9 2 57 11.3 12 B 8.5
r2 = 0.76, F = 145.03, df = 1,46, P < 0.0001
Quarters
Winter (Dec.–Feb.) 11 108.5 58 195 43.5 95 A 8.7
Spring (Mar.–May) 14 21.1 2 57 13.4 18 B 6.2
Summer (Jun.–Aug.) 12 8.9 2 23 5.2 7.5 B 10.3
Fall (Sep.–Nov.) 11 13.5 2 31 10.0 13 B 9.4
r2 = 0.77, F = 48.9, df = 3,44, P < 0.0001
Manatees %
Date Adults Calves Total Calves Quarter
08 Jan 88 60 13 73 17.8 Winter
26 Jan 88 117 2 119 1.7 Winter
18 Feb 88 181 14 195 7.2 Winter
25 Feb 88 62 8 70 11.4 Winter
15 Mar 88 28 2 30 6.7 Spring
29 Mar 88 27 2 29 6.9 Spring
15 Apr 88 17 0 17 0.0 Spring
29 Apr 88 8 1 9 11.1 Spring
13 May 88 2 0 2 0.0 Spring
27 May 88 10 0 10 0.0 Spring
06 Jun 88 6 1 7 14.3 Summer
30 Jun 88 2 0 2 0.0 Summer
13 Jul 88 7 0 7 0.0 Summer
26 Jul 88 6 0 6 0.0 Summer
11 Aug 88 4 2 6 33.3 Summer
24 Aug 88 8 0 8 0.0 Summer
08 Sep 88 3 0 3 0.0 Fall
23 Sep 88 2 0 2 0.0 Fall
12 Oct 88 2 0 2 0.0 Fall
26 Oct 88 10 0 10 0.0 Fall
18 Nov 88 7 2 9 22.2 Fall
30 Nov 88 11 2 13 15.4 Fall
16 Dec 88 92 3 95 3.2 Winter
21 Dec 88 127 8 135 5.9 Winter
24 Mar 89 17 2 19 10.5 Spring
27 Mar 89 24 1 25 4.0 Spring
13 Apr 89 12 3 15 20.0 Spring
27 Apr 89 21 2 23 8.7 Spring
12 May 89 15 1 16 6.2 Spring
25 May 89 12 0 12 0.0 Spring
13 Jun 89 19 4 23 17.4 Summer
26 Jun 89 5 1 6 16.7 Summer
10 Jul 89 11 1 12 8.3 Summer
20 Jul 89 8 1 9 11.1 Summer
10 Aug 89 12 0 12 0.0 Summer
29 Aug 89 7 2 9 22.2 Summer
12 Sep 89 9 4 13 30.8 Fall
28 Sep 89 20 2 22 9.1 Fall
12 Oct 89 14 2 16 12.5 Fall
22 Nov 89 28 3 31 9.7 Fall
28 Nov 89 27 1 28 3.6 Fall
07 Dec 89 65 15 80 18.8 Winter
28 Dec 89 146 5 151 3.3 Winter
11 Jan 90 137 7 144 4.9 Winter
24 Jan 90 66 7 73 9.6 Winter
21 Feb 90 51 7 58 12.1 Winter
06 Mar 90 52 5 57 8.8 Spring
26 Mar 90 30 1 31 3.2 Spring
Total 1,607 137 1,744 7.9
Table 1 Summary of aerial survey dates (n = 48 flights), manatee counts, and the percentage of calves, January 1988 to
March 1990, Palm Beach, Broward, and Miami-Dade counties, Florida (AMPB data set).
Manatees %
Date Adults Calves Total Calves Quarter
.
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(AMPB data set). Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
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29 Aug 89 7 2 9 22.2 Summer
12 Sep 89 9 4 13 30.8 Fall
28 Sep 89 20 2 22 9.1 Fall
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24 Jan 90 66 7 73 9.6 Winter
21 Feb 90 51 7 58 12.1 Winter
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Table 1 Summary of aerial survey dates (n = 48 flights), manatee counts, and the percentage of calves, January 1988 to
March 1990, Palm Beach, Broward, and Miami-Dade counties, Florida (AMPB data set).
Manatees %
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.
l  1  Summary of aerial survey dates (n = 48 flights), manatee counts, and the percentage of calves, January 1988 to March 1990, 
Broward and Miami-Dade counties, Florida (AMSEC data set).
le 2  Manatee aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves), by 
season (n = 48 flights), January 1988 to March 1990, Broward and Miami-Dade counties, Florida (AMSEC data set). Mean counts 
that are not significantly different have the same le ter in t e column titled Difference of Means.
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Table 2 Man te  aerial survey counts (mea , ini u , axi um, SD, medi n, analysis of v riance, and p rcent ge of
calves), by easo  (n = 48 flights), January 1988 to March 1990, Palm Beach, Broward, and Miami-Dade counties, Florida
(AMPB data set). Mean counts hat are not s gnificantly different have the same letter in the column titled Differ nce of Means.
N . of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 48 6.3 2 195 45.6 16 – 8.5
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Cold (Dec.–Feb.) 11 108.5 58 195 43.5 95 A 8.7
Warm (Mar.–Nov.) 37 14.9 2 57 11.3 12 B 8.5
r2 = 0.76, F = 145.03, df = 1 46, P < .0001
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Winter (Dec.–Feb.) 11 108.5 58 195 43.5 95 A 8.7
Spring (Mar.–May) 14 21.1 2 57 13.4 18 B 6.2
Summer (Jun.–Aug.) 12 8.9 2 23 5.2 7.5 B 10.3
Fall (Sep.–Nov.) 11 13.5 2 31 10.0 13 B 9.4
r2 = 0.77, F = 48.9, df = 3 44, P < .0001
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16 Dec 88 92 3 95 3.2 Winter
21 Dec 88 127 8 135 5.9 Winter
24 Mar 89 17 2 19 10.5 Spring
27 Mar 89 24 1 25 4.0 Spring
13 Apr 89 12 3 15 20.0 Spring
27 Apr 89 21 2 23 8.7 Spring
12 May 89 15 1 16 6.2 Spring
25 May 89 12 0 12 0.0 Spring
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10 Aug 89 12 0 12 0.0 Summer
29 Aug 89 7 2 9 2.2 Summer
12 Sep 89 9 4 13 30.8 Fall
28 Sep 89 20 2 22 9.1 Fall
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07 Dec 89 65 15 80 18.8 Winter
28 Dec 89 146 5 151 3.3 Winter
11 Jan 90 137 7 144 4.9 Winter
24 Jan 90 66 7 73 9.6 Winter
21 Feb 90 51 7 58 2.1 Winter
06 Mar 90 52 5 57 8.8 Spring
26 Mar 90 30 1 31 3.2 Spring
Total 1,607 137 1,744 7.9
Table 1 Summary of aerial survey dates (n = 48 flights), manatee counts, and th  p rcent ge of calves, January 1988 to
M rch 1990, Palm Beach, Broward, and Miami-Dade counties, Florida (AMPB data set).
M natees %
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The spatial distribution of manatees was quite 
different among the four quarters (P < 0.001, 
Table 3). Differences in distribution were tested 
statistically by comparing the number of manatees 
observed in each zone quarterly to the number 
that would be expected in that zone if their use 
of an area was similar throughout the year (chi-
square test, Proc FREQ; SAS, 1990). This is the 
same as saying that the use of a given zone by 
manatees would be proportionally the same in 
each quarter, if there were no seasonal selection. 
A higher number of manatees than was expected 
in a zone indicates that it was preferred in that 
quarter.
The pattern of distribution in the winter (Map 4) 
was quite different from the distribution in the 
other three quarters (Map 5), which were similar 
to each other. More than twice as many manatees 
were counted in surveys during the winter 
quarter than were counted throughout the entire 
warm season. The lowest number of manatees 
were seen in summer (Table 3). In the winter, 51% 
of all manatees seen were in the Port Everglades 
(PE) zone, the area around the Port Everglades 
Inlet and the FPL power plant (compared to an 
expected value of 38%). Fewer than expected 
were seen in winter in the two Biscayne Bay 
zones (BISN, 20% of all manatees observed in 
that quarter vs. 26% expected year-round; BISS, 
9% observed vs. 13% expected) and in the Miami 
River (MR, 2% observed vs. 3% expected) in 
Miami-Dade County.
 In the three warm quarters, the Port Everglades 
zone was used proportionally less than expected 
(8%–14% of the manatees observed in each 
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Table 3 Number of manatees observed in aerial surveys (n = 48 surveys), and the percentage within zones, by quarters,
January 1988 to March 1990, Palm Beach, Broward, and Miami-Dade counties, Florida.The percentage within each quarter
is in parentheses.
Quarter
Zone Code Winter Spring Summer Fall Total
Intracoastal Waterway ICW 106 37 11 20 174
(8.9%) (12.5%) (10.3%) (13.4%) (10.0%)
Port Everglades area PE 605 24 15 14 658
(50.7%) (8.1%) (14.0%) (9.4%) (37.7%)
Biscayne Bay, North BISN 237 115 45 51 448
(19.9%) (39.0%) (42.1%) (34.2%) (25.7%)
Biscayne Bay, South BISS 101 51 24 47 223
(8.5%) (17.3%) (22.4%) (31.5%) (12.8%)
Little River LR 125 50 4 12 191
(10.5%) (17.0%) (3.7%) (8.1%) (11.0%)
Miami River MR 19 18 8 5 50
(1.6%) (6.1%) (7.5%) (3.4%) (2.9%)
Total 1,193 295 107 149 1,744
(n = 1,744 manatees, 666 groups, χ2 = 338.6, df = 15, P < 0.001)
0.0001; Table 2) during the cold season (n = 11 surveys,
December–February, x¯ = 108.5, SD = 43.5, range 58–195)
than in the warm season (n = 37 surveys, March–No-
vember, x¯ = 14.9, SD = 11.3, range 2–57). Seasonal counts
were further examined by dividing the year into quar-
ters (Table 2). The number of manatees observed per
survey was highest during the winter (n = 11 surveys,
December–February, x¯ = 108.5, SD = 43.5, range 58–195),
followed by spring (n = 14 surveys, March–May, x¯ = 21.1,
SD = 13.4, range 2–57), fall (n = 11 surveys, Septem-
ber–November, x¯ = 13.5, SD = 10.0, range 2–31), and
summer (n = 12 surveys, June–August, x¯ = 8.9, SD = 5.2,
range 2–23). Winter counts were significantly higher
than spring, summer, or fall counts (Table 2, ANOVA,
P < 0.0001). However, the counts in the warm quarters
were not significantly different from each other. The
mean monthly count of manatees was highest in De-
cember (x¯ = 115.3) and lowest in July (x¯ = 8.5). Peak num-
bers of manatees occurr d during th  winter months
of December, January, February, and early March, and
counts were variable within each year.The number of
manatees in the study area declined dramatically dur-
ing March and April and were the lowest between
May and October. Counts began to increase again in
December as the manatees moved south for the winter.
The overall percent ge of calves s en was 7.9%. In
August, the highest percentage of calves were ob-
served per flight (13.9%); the lowest percentages were
recorded during May (1.6%), July (4.9%), and October
(4.2%).The highest numbers of calves per survey was
seen during December (x¯ = 7.8), January (x¯ = 7.3), and
February (x¯ = 9.7).The mean number of calves seen was
higher in the winter (88. ) than in warm months (1.3),
although the percentage of calves een p r survey was
highly variable and showed little seasonal pattern.
The spatial distribution of manatees was quite dif-
fere t among the four quarters (P < 0.001, Table 3).
Differences in distribution were tested statistically by
Figure 1 Number of manatees observed per survey (n = 48 sur-
veys) and the mean count, by month, January 1988 to March 1990.
Palm Beach, Broward, and Miami-Dade counties, Florida (AMSEC
data set).
e   ber of manatees observed per survey (n = 48 
surveys) and the mea  count, by month, January 1988 to March 
1990. Browa d an  Miam -Dade counties, Florida (A  data 
set).
T ble 3  Number of manatees observed in aerial surveys (n = 48 surveys), a d the pe centag  withi  zones, by quarters, January 1988 
to March 1990, Broward and Miami-Dade counties, Florida. The percentage within each quarter is in parentheses.
quarter were in this zone vs. 38% expected year-
round), and proportionally higher use occurred 
in the other zones (Table 3). The two Biscayne 
Bay zones were used more in the three warm 
quarters (BISN, 34%–42%; BISS, 17%–32%). 
The north Biscayne zone was used most in the 
spring (39% of manatees observed in spring 
were in this zone) and summer (42%). The south 
Biscayne zone was mostly used in fall (32%). 
The Intracoastal Waterway zone (ICW, which 
includes most of Broward County except the 
PE zone) was used in similar proportions year-
round (9%–13%). The Miami River was used in 
the spring (6%) and summer (8%) and least in 
winter (2%). The Little River was used most in 
the spring (17%), followed by winter (11%), fall 
(8%), and summer (4%).
Discussion
Manatee counts in Broward and Miami-Dade 
counties were highest in winter, followed by 
spring, fall, and summer (Table 2). Mean monthly 
counts further show the temporal distribution 
patterns within the survey area. The highest 
counts occurred during winter months because 
manatees use southern waters and aggregation 
sites to survive the cold. Counts were lower in 
March, when manatees begin to migrate north for 
the summer. The lowest counts occurred between 
May and October, before the manatees returned 
to the study area for the winter. This pattern of 
high winter counts agrees with that described by 
Reynolds and Wilcox (1994).
Southeastern Florida is the main overwintering 
area for manatees on the east coast. The high 
count of 195 manatees seen on February 18, 
1988, indicates the importance of the study area 
as manatee habitat (Table 1). Ackerman (1995) 
reported a total of 1,856 manatees counted 
statewide during a 1992 synoptic survey; 907 
of these manatees were counted on the east 
coast. The high count of 195 manatees in 1988 
was 21.5% of the count of manatees on the east 
coast of Florida during the 1992 synoptic survey. 
Aerial survey counts represent only a minimum 
estimate of the actual number of manatees present.
Typical use of east-coast power-plant aggregation 
sites in winter has been documented since 1977 
by Rose and McCutcheon (1980), Reynolds and 
Wilcox (1985, 1986, 1994), and Reynolds (2003). 
The highest recorded counts at each power plant 
at the time of these surveys (in 1988–90) were 
Riviera Beach, 277 in 1987–88; Port Everglades, 
276 in 1987–88; and Fort Lauderdale, 52 in 1980–
81 (Reynolds, 1990).
Manatees migrate south as air and water 
temperatures drop, so by mid-January, the 
majority of manatees seen during aerial surveys 
were located at either the FPL Riviera Beach 
power plant in Riviera Beach or at the two 
FPL power plants in Fort Lauderdale (the Port 
Everglades and Lauderdale plants; 78 km south 
of Riviera Beach). Some manatees moved back 
and forth between the Riviera Beach and Port 
Everglades power plants during the winter. In 
some winters, manatees were more abundant at 
Port Everglades than Riviera Beach. However, 
manatees were generally less abundant at the 
Port Everglades and Lauderdale plants (Reynolds 
and Wilcox, 1994). During warm periods between 
cold fronts, manatees dispersed from the power 
plants to feeding areas such as Hobe Sound to 
the north in Martin County or to Biscayne Bay to 
the south (Deutsch et al., 2003). As winter ended, 
the manatees migrated northward.
The migratory nature of east coast manatees 
is also documented by other aerial surveys. 
As counts declined in spring in Palm Beach, 
Broward, and Miami-Dade counties, counts 
gradually increased in the north in Martin, St. 
Lucie, Indian River, Brevard, Volusia, Flagler, 
and St. Johns as manatees moved farther north 
in summer. Summer counts generally remained 
higher in areas north of St. Lucie County through 
the fall season, indicating the preference of many 
manatees to use habitats outside southeast Florida 
during warm weather (Deutsch et al., 2003).
Similarly, the interagency counts in 1985–87 
showed manatee numbers gradually increasing 
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Map 4  Cold-season sightings of manatees during aerial surveys in Broward and Miami-Dade counties, Florida 
(December–-February; n = 11 surveys) from January 1988 to March 1990 (AMSEC data set).
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Map 5  Warm-season sightings of manatees during aerial surveys in Broward and Miami-Dade counties, Florida 
(March–November; n = 37 surveys) from January 1988 to March 1990 (AMSEC data set).
in the north in spring and the south in the fall 
(Chapter 6, this volume, East Coast, 1985–87). 
These surveys simultaneously covered the 
central east coast in six counties, from Volusia 
County south to Palm Beach County. These 
surveys together provided considerable insight 
into the dynamics of east-coast migrations before 
telemetry studies had been conducted (Deutsch 
et al., 2003).
Monthly and seasonal counts during this study 
(1988–90, Table 2) followed patterns similar to 
counts made in Palm Beach County (Chapter 9, 
this volume, 1990–93). Although in comparison 
to the Palm Beach study, this Broward–Miami-
Dade study covered a much more extensive and 
varied area of submerged aquatic vegetation 
on which manatees could feed, the Palm Beach 
study had higher counts from March through 
November. This suggests that factors other 
than availability of food must influence the 
distribution of manatees in southeast Florida 
outside of the cold season, but these factors are 
not yet known.
Subsequent aerial studies have been conducted 
in this area. Surveys have been conducted 
by helicopter in Miami-Dade County (1989–
present, Mayo and Markley, 1995; S. Markley, 
Miami-Dade Department of Environmental 
Resources Management (DERM), unpublished 
data). Nearshore tidal waters and tributaries are 
regularly surveyed by Miami-Dade DERM and 
Police Department staff. Surveys were initially 
conducted monthly but are now conducted 
quarterly. Initial surveys were funded by FWC–
FWRI. Surveys were conducted in Broward 
County by helicopter (1991–93, D. Stone and 
D. Burgess, Broward County Department 
of Planning and Environmental Protection, 
unpublished data, funded by FWC; FWC, 2000, 
AMBRWD data set). Surveys were later made by 
airplane in Palm Beach County (Chapter 9, this 
volume, 1990–93; funded by FWC; FWC, 2000, 
AMPB data set). These recent studies covered 
each county in more detail than did the initial 
study (1988–90) reported here.
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Manatee sleeping at bottom of Three Sisters Springs, 
Crystal River. Photo by Kane Rigney, FWC.
Introduction 
This chapter reports on manatee aerial surveys 
made in Franklin County from June 1997 to 
August 1998 by the Florida Department of 
Environmental Protection’s Apalachicola 
National Estuarine Research Reserve (ANERR). 
This study was initiated to update existing 
information on manatee seasonal distribution, 
obtain minimum counts, document preferred 
habitats, and provide detailed distribution data 
for management decisions.
The ANERR is one of 26 national research 
reserves designated by the National Oceanic 
and Atmospheric Administration (NOAA). It 
includes approximately 1,000 km2 in Franklin 
County, of which over 50% is state-owned 
submerged lands. The ANERR includes 
Apalachicola Bay and its associated tidal waters, 
the lower reaches of the Apalachicola River, 
upland areas, and portions of the offshore barrier 
islands (ANERR, 1998). Many undeveloped areas 
under state or federal management were part 
of the study area, including the ANERR, the St. 
Vincent National Wildlife Refuge, St. George 
Island State Park, and the Apalachicola Bay State 
Aquatic Preserve.
Manatee use of the Apalachicola River and 
Apalachicola Bay has been noted only briefly in 
historical accounts (Powell and Rathbun, 1984; 
Edmiston and Tuck, 1987; Beeler and O’Shea, 
1988; Fertl et al., 2005). Hartman (1974) found 
no reports of manatees in Franklin County, and 
Beeler and O’Shea (1988) found one report of 
a manatee seen in the Apalachicola River in 
1984. According to local residents, sightings 
of manatees during the summer months have 
become more common in recent years (1988–98, 
W. Miley, former ANERR reserve manager, 
personal communication). Most local knowledge 
of manatee habitat use consists of frequent 
sightings around the Apalachicola waterfront 
and in East Bay and the Apalachicola River 
distributaries (the numerous channels in the 
floodplain delta).
Four manatee carcasses were found in Franklin 
County waters, 1974–2000 (FWC–FWRI, 
unpublished mortality data). The cause of 
death of three of these manatees could not 
be determined because of decomposition 
(MNW8906, August 18, 1989, bay side of St. 
George Island; MNW9501, January 27, 1995, St. 
George Sound between Eastpoint and Carrabelle; 
and MNW9822, July 14, 1998, Ochlockonee 
River). The cause of the remaining manatee’s 
death (MNW9018, October 19, 1990, East Bay) 
was classified as “other human-related”; the 
manatee was alleged to have drowned in a 
shrimp trawl. Additional deaths have occurred 
since this manuscript was first prepared.
Manatees are most often observed in the 
Apalachicola area in the summer months when 
water temperatures are the highest, although 
sightings have been reported by the public in all 
months of the year except February and March. 
Manatees have been seen in the area when water 
temperatures were as low as 17.3°C. Between 
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January 1995 and December 1999, daily average 
water temperatures in East Bay ranged from 
6.8°C (January 9, 1996) to 32.7°C (August 30, 
1998; ANERR, unpublished data).
A large number of manatees (>500) overwinter 
in the Crystal and Homosassa rivers in Citrus 
County (Hartman, 1979; Powell, 1981; Powell and 
Rathbun, 1984; Rathbun et al., 1990, 1995), farther 
east on the gulf coast, where natural springs 
produce water temperatures that are higher in 
winter than those of ambient waters. The number 
of manatees at these winter aggregations has 
increased over time (Hartman, 1979; O’Shea, 
1988, Rathbun et al., 1990; Ackerman, 1995).
At the time of the Rathbun et al. (1990) report,
there was no evidence of manatees wintering 
northwest of the Suwannee River. Manatees 
were occasionally seen during the winter at 
Manatee Springs State Park (Levy County) 
on the lower Suwannee River. There are now 
reports of manatees wintering at Manatee and 
Fanning Springs state parks (Levy County) 
on the Suwannee River, in the Wakulla and St. 
Marks rivers (Wakulla County, Chapter 12), 
and several sightings were made farther west 
in the Panhandle (Fertl et al., 2005; FWC–FWRI, 
unpublished data).
Rathbun et al. (1990) reported that by 1986, 
the number of manatees sighted along the 
northeastern gulf coast in the warm months 
had increased. These sightings northwest of the 
Suwannee River were considered outside of the 
normal range of manatees. They were probably 
manatees moving north and west from the winter 
aggregations in Citrus County.
Small numbers of manatees have since been 
documented in the warm months in the spring-
fed St. Marks and Wakulla rivers, with the 
maximum count of 24 individuals on June 27, 
1996 (Chapter 12, this volume, Wakulla, 1994–96). 
Although few manatees are observed in the late 
fall and winter months, the Apalachicola area 
may function during the warm months of the 
year as a stop-over site for manatees traveling 
the corridor between peninsular Florida, the 
Panhandle, and states farther west (Alabama, 
Mississippi, Louisiana, and eastern Texas) providing 
sources of aquatic vegetation and fresh water.
No major warm-water sources are present in the 
Apalachicola area. The closest available warm-
water site to the west is the Gulf Power Lansing 
Smith power plant at North Bay near Panama 
City in Bay County (120 km to the west). To the 
east, Spring Creek, the Wakulla River, and the 
Purdom power plant on the St. Marks River in 
Wakulla County are the closest warm-water sites 
(50 km to the east; Chapter 12, this volume). The 
Purdom power plant was discharging warm 
water in 1997–98, but the thermal discharge was 
altered in 2001 and has subsequently seldom 
discharged warm water.
Prior to this study, no comprehensive aerial 
surveys of manatee distribution had been 
conducted in Florida farther west than the St. 
Marks and Wakulla rivers in Wakulla County 
(Chapter 12, this volume, 1994–96). In 1995, 
ANERR staff began systematically documenting 
sightings reported by field staff and the general 
public. The first year of monitoring, 1995, 
consisted of documenting public sightings and 
one preliminary aerial survey. Thirty-three 
sightings reported by the public documented 
one to five manatees per report between May 
and September. The July 1995 preliminary aerial 
survey was conducted with the assistance of the 
Florida Marine Patrol (now FWC Division of 
Law Enforcement) and covered the East Bay area, 
Apalachicola waterfront, and Cape (or Little) St. 
George Island area. This resulted in sightings of 
eight manatees in East Bay and the southernmost 
portion of the Apalachicola River and one 
manatee near Pilot’s Cove on the bayside of Cape 
St. George Island.
In addition to public-sighting data, one satellite 
radio-tagged manatee (Sweet Pea, ID TTB058) 
resided in the Apalachicola area from June 30 
to September 26, 1996 (Smith, 1996; Weigle 
et al., 2001). After being rescued in Houston, 
Texas, on December 6, 1995, this large female 
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was rehabilitated in Texas and at Homosassa 
Springs State Wildlife Park and released in 
the Homosassa area on April 23, 1996 (Weigle 
et al., 2001). She spent a considerable amount 
of time in Wakulla County waters before 
heading west towards Franklin County. While 
in the Apalachicola Bay study area, Sweet Pea 
remained primarily in the East Bay area from 
July 11 to September 13, 1996, and was observed 
with up to six other manatees (Smith, 1996). She 
was also reported on numerous occasions around 
Two-Mile Channel (runs east and west along the 
bayside shore of Apalachicola), near Lafayette 
Park, and in the city marina and boat ramp areas 
at Battery Park.
From 1996 to 1999, ANERR staff continued to 
document staff and public manatee sightings. 
The highest number of manatee sightings was 
in 1996, with 34 reports totaling 108 individuals 
from St. Theresa Beach to St. Vincent Sound from 
May to September (x¯ = 3.2 manatees per report, 
range 1–7). FWC continues to collect sighting 
records to the present. However, these sighting 
data should be evaluated conservatively because 
manatees that frequent areas that humans often 
use may be reported several times by different 
people. Several manatee-related newspaper 
articles (Apalachicola Times, February 2, 1995, 
August 1, 1996; Panama City News Herald, July 3, 
1997; Tallahassee Democrat, August 4, 1996) may 
have elicited additional reports.
In response to the scarcity of data for the 
Apalachicola Bay area, ANERR biologists began 
making aerial surveys of the area in May 1997. 
The goal of the study was to establish baseline 
counts of manatees and to document manatee 
seasonal distribution, so that more detailed 
distribution data can be available to managers.
The raw data from this aerial survey are in 
GIS format but are not included on the FWC-
FWRI CD-ROM (FWC, 2000) and on the FWRI 
website http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam. 
Methods
Study Area
The Apalachicola River basin is at the lower 
end of the Apalachicola-Chattahoochee-Flint 
River system, which flows from southeastern 
Alabama and southwestern and north-central 
Georgia, through the central part of the Florida 
Panhandle (ANERR, 1998). After its formation 
at the confluence of the Chattahoochee and Flint 
Rivers, the Apalachicola River flows 170 km 
south to Apalachicola Bay, draining a land area 
of approximately 6,200 km2 (U.S. Army Corps of 
Engineers, 1978; ANERR, 1998). The Apalachicola 
Bay estuary encompasses 540 km2 bordered to 
the south by a barrier island chain (Gorsline, 
1963). The system can be divided into four major 
areas: East Bay, St. Vincent Sound, Apalachicola 
Bay, and St. George Sound. Maximum depths of 
up to 6 m occur toward the barrier islands, but 
average depths range from 1 m in East Bay to 3 
m in Apalachicola Bay (Dawson, 1955; Gorsline, 
1963; ANERR, 1998). The tidal range is typically 
0.5 to 0.6 m, with a maximum range of about 
1 m (Livingston et al., 1974). The ANERR’s 
primary aquatic habitats may be characterized 
as oyster reefs, submerged vegetation, tidal flats, 
soft sediment, tidal marshes, and open water 
(Edmiston and Tuck, 1987).
The shallow East Bay area is fringed by 
extensive marshes and swamps with depths 
averaging 1 m (Dawson, 1955). Based on the 
frequency of sightings and aerial survey and 
satellite telemetry data, this area seems to 
be very important to manatees that use the 
Apalachicola system. East Bay waters are very 
low in salinity because of freshwater input from 
the Apalachicola River and Tates Hell Swamp. 
Daily average salinity values ranged from 0.0 
to 35.2 parts per thousand from January 1995 
to December 1999 (ANERR, unpublished data). 
East Bay abounds with numerous varieties of 
aquatic vegetation important to manatees. The 
southern boundary of East Bay is the John Gorrie 
Memorial Bridge (highways S.R. 30 and U.S. 98).
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St. Vincent Sound comprises much of the western 
portion of the bay system. This area contains 
numerous oyster reefs (Gorsline, 1963) and may 
be generally unattractive to manatees for this 
reason. It is shallow, with average depths around 
1.5 m until it meets the Gulf of Mexico at Indian 
Pass (Edmiston and Tuck, 1987).
Apalachicola Bay, the central portion of the 
estuary, is bordered on the south and west by a 
chain of barrier islands (St. Vincent Island, Cape 
St. George Island, and St. George Island) and 
meets the Gulf of Mexico at two inlets. Sikes Cut 
is a man-made navigational channel that now 
divides Cape St. George Island to the west and 
St. George Island to the east. Apalachicola Bay 
has an average depth of 2–3 meters (Edmiston 
and Tuck, 1987).
East Pass, the easternmost inlet, is located 
between Dog Island and St. George Island and 
connects St. George Sound with the Gulf of 
Mexico. It is a broad pass with depth of about 4 
m. St. George Sound has an average depth of 3 m 
(Gorsline, 1963; Edmiston and Tuck, 1987), with 
seagrass beds fringing both the mainland and 
bayside areas of the barrier island. A major oyster 
reef is at Cat Point near the northern end of the 
St. George Island Causeway where St. George 
Sound meets Apalachicola Bay.
Several species of vegetation that are commonly 
consumed by manatees are present within the 
ANERR. The ANERR has freshwater, brackish-
water, and marine plant species. Approximately 
7%–10% of the Apalachicola Bay system has 
submerged aquatic vegetation (Livingston, 1984; 
Edmiston and Tuck, 1987; ANERR, 1998).
Marine plant species are typically found in 
the shallower depths of northern St. George 
Sound and along the bayside shores of the 
barrier islands (Livingston, 1990; Continental 
Shelf Associates, Inc., 1985; Edmiston and Tuck, 
1987) and thrive in areas of high salinity and 
low turbidity. Shoal-grass (Halodule wrightii), 
manatee-grass (Syringodium filiforme), and turtle-
grass (Thalassia testudinum) are the only true 
seagrasses in the Apalachicola Bay system and 
have a patchy distribution along the bayside 
areas of the barrier islands and the mainland 
areas of St. George Sound. Shoal-grass meadows 
dominate the submerged vegetation in St. George 
Sound, although assemblages of shoal-grass and 
turtle-grass along the bayside shore of eastern 
St. George Island represent some of the densest 
seagrass beds in the area.
Brackish-water species occur in East Bay and 
Blounts (or Round) Bay, which have a significant 
amount of submerged vegetation, including 
widgeon-grass (Ruppia maritima), tape-grass 
(Vallisneria americana), southern naiad (Najas 
guadalupensis), Eurasian watermilfoil 
(Myriophyllum spicatum), and sago pondweed 
(Potamogeton pectinatus). In 1996, Sweet Pea and 
several other manatees were observed feeding on 
widgeon-grass, tape-grass, and southern naiad in 
East Bay and Blounts Bay (Smith, 1996).
Zones
The Apalachicola shoreline was divided into 
nine zones based on geographic characteristics 
of the system. As shown in Map 1, the survey 
team flew along the southern coastline of Cape 
St. George Island and St. George Island. This 
portion of the flight path was not considered an 
official part of the surveys because this area was 
overflown only as a means to head farther east. 
No manatees were seen along the barrier island 
beaches during the commute to and from the 
study area. Because of the complexity of the East 
Bay system as well as low water clarity, the flight 
route included several circles over this area. The 
zone boundaries (Map 2) were as follows:
Zone 1—St. Vincent Sound; 
Zone 2—Apalachicola Bay—the eastern shore of 
St. Vincent Island and the bayside of Cape (Little) 
St. George Island to Sikes Cut;
Zone 3—Apalachicola Bay—St. George Island 
bayside (west of the causeway);
Zone 4—Apalachicola Bay—St. George Island 
(east of the causeway to East Pass);
Zone 5—Apalachicola Bay—Yents Bayou area 
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west to Eastpoint and the northern end of the St. 
George Island Causeway;
Zone 6—East Bay, from Eastpoint (Cat Point) 
north to East, Cash, and West bayous;
Zone 7—East Bay, western side including the 
Apalachicola River distributaries;
Zone 8—The Apalachicola River from the John 
Gorrie Bridge upstream to the Pinhook; and
Zone 9—Apalachicola Bay, from the John Gorrie 
Bridge west to Two-Mile Channel along the 
Apalachicola waterfront.
Aerial Survey Protocols
A standardized flight route along the 
Apalachicola area shoreline (Map 1) was 
developed by ANERR staff and was followed 
closely to ensure consistency throughout 
the aerial surveys. A preliminary flight was 
conducted in May 1997 to finalize the flight 
route and study design (results not included in 
database). Protocols from the earlier Wakulla 
County surveys (1994–96, Chapter 12, this 
volume) and aerial survey protocols provided 
by FWC–FWRI (Ackerman, 1995; Chapter 2, 
this volume) were followed closely to provide 
consistency with other monitoring efforts.
Because public manatee sightings in ANERR 
waters from 1995 to 1996 were higher during the 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Apalachicola National Estuarine Research 
Reserve, Franklin County, Florida (n = 18 surveys) from June 1997 to August 1998 (Apalach_flightrt_Geo83 data set).
warmer months, one aerial survey was planned 
each month from November through March, and 
two aerial surveys were planned each month 
between April and October.
Eighteen surveys were completed from June 
1997 to August 1998. In some months, because 
of inclement weather or pilot conflicts, only one 
survey was successfully completed. Because 
of aircraft problems, no surveys were made 
in September 1997. Surveys were suspended 
following the August 4, 1998, survey because of 
difficulties with funding and pilot availability. 
These problems were not resolved before the 
scheduled conclusion of the study in October 1998.
Surveys were conducted using a Cessna 172 
high-wing aircraft at an elevation of 
approximately 150 m and an average speed of 
135 km/hr. A primary observer and secondary 
observer were present for each survey. 
Depending on weather conditions and number 
of sightings, aerial surveys typically lasted 
2.0–2.5 hours (Hobbs meter). Manatee counts, 
location, group size, behavior, and time of day 
were recorded for each sighting on NOAA 
navigational charts (1:80,000).
Weather conditions prior to flight time were 
examined closely because aerial survey counts 
are adversely affected by water turbidity, glare, 
wind, and cloud cover (Ackerman, 1995). When 
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Map 2  Nine zones used in spatial analysis of aerial surveys of manatee distribution conducted from June 1997 to August 
1998 in the Apalachicola National Estuarine Research Reserve, Franklin County, Florida (n = 18 surveys). Hatched area was 
not surveyed.
weather conditions were unsatisfactory, flights 
were rescheduled or canceled. Water temperature 
and salinity were recorded with a Hydrolab 
datalogger (Hydrolab-Hach Co., Loveland, 
Colorado) stationed in East Bay collecting data at 
30-min intervals. Air temperature, wind velocity, 
and wind direction were also noted at flight time. 
Wind velocity and direction were subsequently 
obtained from a weather station on the St. George 
Island Causeway operated by the Northwest 
Florida Water Management District.
Thirteen surveys were made in the warm 
season (April–October) and five were made 
in cold season (November–March). The same 
months composed the warm and cold seasons 
in the Wakulla surveys (Chapter 12). The non-
parametric Mann-Whitney U test was used to 
compare counts between seasons because of the 
abundance of zero counts in the cold months 
(Sokal and Rohlf, 1981).
Manatee spatial distribution in the nine zones 
were analyzed using a chi-square test that 
compared the observed distribution of manatees 
in each zone to an expected even distribution 
of manatees based on the length of shoreline. 
Counts for each zone were based on the 
accumulated number of manatees over the entire 
study period and standardized to the length 
of the shoreline surveyed before analysis. The 
Yates correction factor was applied because no 
manatees were seen in zone 2 and zone 8 (Sokal 
and Rohlf, 1981).
Results
Manatees were observed during 8 of the 18 aerial 
surveys completed from June 1997 to August 
1998 (Table 1; Map 3). A total of 80 manatees 
were observed during the study, all between May 
and August (x¯ = 4.4 manatees per survey, SD = 
7.5, median = 0, range 0–28; Tables 1, 2; Figure 
1). Although the majority of sightings (17 of 33 
groups, 52%) were of solitary individuals, group 
size averaged 2.4 manatees (SD = 3.7, median = 
1, 95th percentile = 6, range 1–22 manatees per 
group). Group size (x¯ = 5.6) was highest in zone 
5, due to the sighting of a group of 22 manatees 
in a mating herd on June 26, 1997 (Tables 1, 3). 
This sighting was the largest number of manatees 
observed at any one time during the study, and 
the flight yielded 28 manatees, the highest total 
count for one survey.
Manatees were observed only during the spring 
(March–May) and summer (June–August) 
quarters (Tables 2, 3; Figure 1). Counts were 
highest in summer (n = 8 surveys, x¯ = 9.3 
manatees, SD = 9.3, median = 8.5, range 0–28) 
and spring (n = 5 flights, x¯ = 1.2 manatees, SD 
= 1.8, range 0–4; Table 2). Seventy-four (92.5%) 
of the manatees were seen in the summer; the 
remaining six manatees were seen in the spring. 
Counts were significantly higher in spring and 
summer combined (x¯ = 6.2, median = 3) than in 
fall and winter (x¯ = 0, median = 0; Mann-Whitney 
U = 12.5, P < 0.05). An additional test to compare 
the spring and summer (n = 8 flights) counts 
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(April–October) and five were made in cold season
(November–March).The same months composed the
arm and cold seasons in the Wakulla surveys (Chap-
ter 12).The non-parametric Mann-Whitney U test was
used t  compare counts between seasons because of
the abundance of zero counts in the cold months (Sokal
and Rohlf, 1981).
Manatee spatial distribution in the nine zones
were analyzed using a chi-square test that compared
the observed distribution of manatees in each zone to
an expected even distribution of manatees bas d on th
length of shor line. Counts for each zone were based
on the accumulated number of manatees over the en-
tire study period and standardized to the length of
the shoreline surveyed b fore analysis.The Yates cor-
r cti n factor was applied because no manatees w re
seen in zone 2 and zone 8 (Sokal and Rohlf, 1981).
Results
Manatees were observed during 8 of the 18 aerial sur-
veys completed from June 1997 to August 1998 (Table
1; Map 3). A t tal of 80 ma atees were bserved dur-
ing the study, all between May and August (x¯ = 4.4 man-
atees per survey, SD = 7.5, median = 0, range 0–28; Ta-
bles 1, 2; Figure 1). Althou h the majority of sightings
(17 of 33 groups, 52%) were of solitary individuals,
group size averaged 2.4 manatees (SD = 3.7, median =
1, 95th percentile = 6, range 1–22 manatees per group).
Group size (x¯ = 5.6) was highest in zone 5, due to the
sighting of a group of 22 manatees in a mating herd on
June 26, 1997 (Tables 1, 3).This sighti g wa  the largest
number of manatees ob erve  at any one time during
the study, and the flight yielded 28 manatees, the high-
est total count for one survey.
Manatees were observed only during the spring
(March–May) and summer (June–August) quarters
(Tables 2, 3; Figure 1). Counts were highest in summer
(n = 8 surveys, x¯ = 9.3 manatees, SD = 9.3, median = 8.5,
range 0–28) and spring (n = 5 flights, x¯ = 1.2 manatees,
SD = 1.8, range 0–4; Table 2). Seventy-four (92.5%) of
the man t s ere seen in the summer; the remain-
ing six manatees were seen in the spring. Counts were
significantly higher in spring and summer combined
(x¯ = 6.1, median = 3) than in fall and winter (x¯ = 0, me-
dian = 0; Mann-Whitney U = 12.5, P < 0.05). An addi-
tional test to compare the spring and summer (n = 8
flights) counts showed no significant difference be-
tween these quarters (U = 6, P = 0.08).
The three calves pre ented 3.8% of the total
number of manatees seen (Table 2) and were observed
in zones 1, 5, and 7. This percentage is much lower
than the typical 10% found in other aerial surveys
(Rathbun et al., 1995). Calves were seen only during the
summer and comprised 4.9% of the manatees seen
during this quarter (Table 2).
Manatee use of zones were significantly different
(χ2 = 91.4, df = 8, P < 0.001; Table 3). Zones 5, 7, and 9
had higher use than expected (positive deviations from
expected values, based on length of shoreline) com-
pared to the other zones. Zone 7 had the highest num-
ber of manatees (n = 31). By comparison, zones 1, 2, 3,
4, 6, and 8 had less use than expected.
Nineteen (57.6%) of the 33 manatee groups seen
were in the East Bay area (includes portions of zone 6
and zone 7). Group size in this area averaged 1.9 indi-
viduals. Traveling (42%) was the most frequent be-
havior in East Bay and its adjacent rivers and bays,
followed by feeding (36.8%) and resting (21.1%). For all
survey dates, traveling (33.8%) was the most frequent
behavior, followed by cavorting (27.5%) and feeding
(27.5%). Only nine manatees (11.3%) were documented
as resting. Manatees were more often observed in
zone 5 (n = 28) and zone 7 (n = 31). Because of t e
large mating herd in zone 5 on June 26, 1997 (22 man-
atees cavorting), cavorting (78.6%) was the most fre-
quently documented behavior in this zone, followed by
Table 1 Summary of aerial survey dates (n = 18 surveys),
manatee counts, and percentage of calves, May 1997 to
August 1998, Apalachicola Bay area, Franklin County,
Florida.
Manatees %
Date Adults Calves Total Calves Quarter
15 May 97 Preliminary Flight
26 Jun 97 27 1 28 3.6 Summer
16 Jul 97 15 0 15 0.0 Summer
22 Aug 97 10 1 11 9.1 Summer
28 Aug 97 11 0 11 0.0 Summer
30 Sep 97 Aborted Flight
23 Oct 97 0 0 0 – Fall
25 Nov 97 0 0 0 – Fall
17 Dec 97 0 0 0 – Winter
27 Jan 98 0 0 0 – Winter
20 Feb 98 0 0 0 – Winter
30 Mar 98 0 0 0 – Spring
21 Apr 98 0 0 0 – Spring
27 Apr 98 0 0 0 – Spring
05 May 98 2 0 2 0.0 Spring
12 May 98 4 0 4 0.0 Spring
18 Jun 98 0 0 0 – Summer
24 Jun 98 0 0 0 – Summer
10 Jul 98 3 0 3 0.0 Summer
05 Aug 98 5 1 6 16.7 Summer
Total 77 3 80 3.7
Table 1  Summary of aerial survey dates (n = 18 surveys),
manatee counts, and percentage of calves, May 1997 to August 
1998, Apalachicola Bay area, Franklin County, Florida.
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Table 1 Summary of aerial survey dates (n = 18 surveys), 
manatee counts, and percent ge of calves, May 1997 to 
August 1998, Apalachicola Bay ar a, Franklin Count , 
Florida.
Manatees	   %	  
	  
Date	   Adults	   Calves	   Total	  	  Calves	  Quarter	  
15   May   97 Preliminary Flight 
30   Sep  97 Aborted Flight 
23 Oct 97 0 0 0 – Fall
25 Nov 97 0 0 0 – Fall
17 Dec 97 0 0 0 – Winter
27 Jan 98 0 0 0 – Winter
20 Feb 98 0 0 0 – Winter
30 Mar 98 0 0 0 – Spring
21 Apr 98 0 0 0 – Spring
27 Apr 98 0 0 0 – Spring
05 May 98 2 0 2 0.0 Spring 
12 May 98 4 0 4 0.0 Spring 
18 Jun 98 0 0 0 – Sum er
24 Jun 98 0 0 0 – Sum er
10 Jul 98 3 0 3 0.0 Sum er 
05 Aug 98 5 1 6 16.7 Summer 
Total 77 3  80        3.8 
(April–October) and five ere made in cold season 
(November–March). The same months composed the 
warm and cold seasons in the Wakulla surveys (Chap- 
ter 12).The non-parametric Mann-Whitney U test was
used to compare counts between seasons because of 
the abundance of zero counts in the cold months (Sokal 
and Rohlf, 1981). 
Manatee spatial distribution in the nine zones 
were analyz d using a chi-square test that compared 
the observed distribution of manatees i  each zone to 
an expected even distribution of manatees based on the 
length of shoreline. Counts for each zone were bas d 
on the acc mulated number of manatees over the en- 
tire study p r od and standardized to  leng h of 
the shoreli e surveyed before an lysis. The Yates cor- 
rection factor was pplied because no manatees were 
seen in zone 2 and zone 8 (Sokal and Rohlf, 1981). 
Results	  
Manatees were observed during 8 of the 18 aerial sur- 
veys completed from June 1997 to August 1998 (Table 
1; Map 3). A total of 80 manatees were observed dur- 
ing the study, all between May and August (x¯ = 4.4 man- 
atees per s rvey, SD = 7.5, median = 0, range 0–28; Ta- 
bles 1, 2; Fig e 1). Although the majority of sightings 
(17 of 33 gro ps, 52%) were of solita y individuals, 
group size averaged 2.4 manatees (SD = 3.7, median = 
1, 95th erc ntile = 6, range 1–22 manatees per group). 
Group siz  (x¯ = 5.6) was highest in zon  5, due t  the 
sighting of a group of 22 manat es i  a mating herd on 
June 26, 1997 (Tables 1, 3).This sighti g was the la gest 
number of manatees observed at any one time during 
the study, and the flight yielde  28 manatees, the high- 
est total count for one survey. 
M natees w re bserved only during the spring 
(March–May) and summer (June–August) quarters 
(Tables 2, 3; Figure 1). Counts were highest in summer 
(n = 8 surveys, x¯ = 9.3 manatees, SD = 9.3, median = 8.5, 
range 0–28) and spring (n = 5 flights, x¯ = 1.2 manatees, 
SD = 1.8, range 0–4; Table 2). Seventy-four (92.5%) of 
the manatees were seen in the summer; the remain- 
ing six manatees were seen in the spring. Counts were 
significantly higher in spring and summer combined 
(x¯ = 6.1, median = 3) than in fall and winter (x¯ = 0, me- 
dian = 0; Mann-Whitney U = 12.5, P < 0.05). An addi- 
tional test to compare the spring and summer (n = 8 
flights) counts showed no significant difference be- 
tween these quarters (U = 6, P = 0.08).
The three calves represented 3.8% of the total 
number of manatees seen (Table 2) and were observed 
in zones 1, 5, and 7. This percentage is much lo er 
than the typical 10% found in other aerial surve s 
(Rathbun et al., 1995). Calves were se n only duri  t
sum er and comprised 4.9% of the anat s s  
during this quarter (Table 2). 
Man tee use of zones were significantly t 
(⎟2 = 91.4, df = 8, P < 0.001; Table 3). Zo es 5, 7, an  9
had higher use than expected (positive deviations fro  
expected values, based on length of shoreline) co - 
pared to the other zones. Zone 7 had the highest num- 
ber of manat  (n = 31). By comparison, zones 1, 2, 3, 
4, 6, and 8 had less use than expected. 
Nineteen (57.6%) of the 33 manatee groups seen 
were in the East Bay area (includes portions of zone 6 
and zone 7). Group size in this area averaged 1.9 indi- 
viduals. Traveling (42%) was the most frequent be- 
havior in East Bay and its adjacent rivers and bays, 
followed by feeding (36.8%) and resting (21.1%). For all 
survey dates, traveling (33.8%) was the most frequent 
behavior, followed by cavorting (27.5%) a d feeding 
(27.5%). O ly nine manatees (11.3%) wer  documented 
as resting. Manatees were more often observed in 
zone 5 (n = 28) and zone 7 (n = 31). Because of the 
large mating herd in zone 5 on June 26, 1997 (22 man- 
atees cavorting), cavorting (78.6%) was the most fre- 
quently documented behavior in this zone, followed by 
26 97 27 1 28 3.6 
16 Jul 97 15 0 15 0.0 
22 Aug 97 10 1 11 9.1 
28 Aug 97 11 0 11 0.0 
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  151
.
Edwards & Ackerman Florida Manatee Distribution 1984–2004
FWRI Technical Report TR-00 119
Apalachicola, Franklin & Gulf Counties
Map 3 Warm-season sightings of manatees during aerial surveys in Apalachicola National Estuarine Research Reserve, Franklin
County, Florida (April–October; n = 13 surveys) from June 1997 to August 1998. No manatees were sighted during the cold season (AMAPALG
data set).
Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, by season (n = 18 surveys), June 1997 to
August 1998, Apalachicola Bay area, Franklin County, Florida.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 18 4.4 0 28 7.5 0 – 3.7
Seasons
Cold (Nov.–Mar.) 5 0.0 0 0 0 0 – –
Warm (Apr.–Oct.) 13 6.2 0 28 8.3 3 – 3.7
Quarters
Winter (Dec.–Feb.) 3 0.0 0 0 0 0 – –
Spring (Mar.–May) 5 1.2 0 4 1.8 0 – 0.0
Summer (Jun.–Aug.) 8 9.3 0 28 9.3 8.5 – 4.9
Fall (Sep.–Nov.) 2 0.0 0 0 0 0 – –
Map 3  Warm-season sightings of manatees during aerial surveys in Apalachicola National Estuarine Research Reserve, 
Franklin County, Florida (April–Octob r; n = 13 su vey ) from June 1997 to August 1998. No manatees were ighted 
during the cold season (AMAPALG data set).
l  2  Manate  aerial survey counts (mean, minimum, maximum, SD, median, by season (  = 18 surveys), June 1997 to
 l  ay area, Franklin County, Florida.
showed no significant difference between these 
quarters (U = 6, P = 0.08).
The three calves represented 3.7% of the total 
number of manatees seen (Table 2) and were 
observed in zones 1, 5, and 7. This percentage is 
much lower than the typical 10% found in other 
aerial surveys (Rathbun et al., 1995). Calves were 
seen only during the summer and comprised 
4.9% of the manatees seen during this quarter 
(Table 2).
Manatee use of zones was significantly different 
(χ² = 91.4, df = 8, P < 0.001; Table 3). Zones 5, 7, 
and 9 had higher use than expected (positive 
deviations from expected values, based on length 
of shoreline) compared to the other zones. Zone 7 
had the highest number of manatees (n = 31). By 
comparison, zones 1, 2, 3, 4, 6, and 8 had less use 
than expected.
Nineteen (57.6%) of the 33 manatee groups seen 
were in the East Bay area (includes portions 
of zone 6 and zone 7). Group size in this area 
averaged 1.9 individuals. Traveling (42%) was 
the most frequent behavior in East Bay and its 
adjacent rivers and bays, followed by feeding 
(36.8%) and resting (21.1%). For all survey 
dates, traveling (33.8%) was the most frequent 
behavior, followed by cavorting (27.5%) and 
feeding (27.5%). Only nine manatees (11.3%) 
were documented as resting. Manatees were 
more often observed in zone 5 (n = 28) and zone 
7 (n = 31). Because of the large mating herd in 
zone 5 on June 26, 1997 (22 manatees cavorting), 
cavorting (78.6%) was the most frequently 
documented behavior in this zone, followed 
by feeding (14.3%) and traveling (7.1%). The 
distribution of behaviors for zone 7 was 54.8% 
(17) feeding, 35.5% (11) traveling, and 9.7% (3) 
resting. Manatees were observed traveling only 
in zone 4 and zone 9. No manatee sightings were 
documented in zone 2 or zone 8 (Table 3).
Discussion
Manatee population estimates in other areas of 
Florida are often assessed during the coldest 
times of the year when manatees are found 
at industrial outflows and natural springs. 
However, seasonal distribution of manatees 
during all seasons of the year is critical to an 
understanding of patterns of use by manatees. 
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feeding (14.3%) and traveling (7.1%).The distribution
of behaviors for zone 7 was 54.8% (17) feeding, 35.5%
(11) traveling, and 9.7% (3) resting. Manatees were ob-
served traveling only in zone 4 and zone 9. No mana-
tee sightings were documented in zone 2 or zone 8
(Table 3).
Discussion
Manatee population estimates in other areas of Florida
are often assessed during the coldest times of the year
when manatees are found at industrial outflows and
natural springs. However, seasonal distribution of
manatees during all seasons of the year is critical to an
understanding of patterns of use by manatees. The
d ta collected from 1995 through 1999 emphasized he
increasing importance of the Apalachicola area to
manatees (Powell and Rathbun, 1984; Rathbun et al.,
1990; Fertl et al., 2005). Public manatee sightings and aer-
ial survey data showed that the greatest number of
manatees used ANERR waters from April through
October. June, July, and August had the highest mean
number of manatees (Table 2). Although the sample
size is small, this trend is consistent with historical lit-
erature and anecdotal sightings (Edmiston and Tuck,
1987; Chapter 12, this volume, Wakulla, 1994–96).
The increased incidence of m natee sightings in
Franklin County may be the result of a range extension
by manatees or a growing manatee population in
northwestern Florida. However, the increase in sight-
ings may also be the result of heightened public aware-
ness or increased human use of the coastal system.
Reports of manatees throughout northwestern
Flori a have increased. Most data come from aerial
counts at winter aggregations in Citrus County (Hart-
man, 1979; Powell, 1981; Powell and Rathbun, 1984;
Rathbun et al., 1990; J. Kleen, USFWS, unpublished
data). Increases in the counts could result from immi-
gration, reproduction in the population, high survival
rates (Langtimm et al., 1998, 2004), or from increased
protection a  thos  winter aggregati s. The higher
counts are probably a combination of more than one
of these factors. Results of other studies also show in-
creased use of Northwest Florida by manatees (O’Shea,
1988; Ackerman, 1995; Eberhardt and O’Shea, 1995;
FWC, 2002; Runge et al., 2004).
The spatial and temporal information obtained
during th  1997–98 aerial surveys (Map 3; Figure 1;
Table 1) has proven to be very useful. Information on
manatees in the Apalachicola system is critical to un-
derstanding their seasonal distribution and may prove
invaluable in the future if protective measures be-
come necessary in this system.This study verified that
manatees are more abundant in the Apalachicola area
during the warm months, in particular from May
through August. This result was expected because of
manatee thermoregulatory constrai ts and the lack
of artificial or natural warm-wat r refugia in the area.
It is also noteworthy that the percentage of calves seen
in the survey areas was very low in comparison to the
percentage seen in other areas of Florida, which may
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Figure 1 Number of manatees observed per survey and mean count
of manatees by month (n = 18 surveys), June 1997 to August 1998,
Apalachicola Bay area, Franklin County (AMAPALG data set).
Table 3 Number and percentage of manatees observed in
aerial surveys, by quarter and zone, June 1997 to August 1998,
Apalachicola Bay area, Franklin County, Florida.
Quarter
Zone Winter Spring Summer Fall Total
1 0 0 5 0 5
(0.0%) (6.8%) (6.3%)
2 0 0 0 0 0
(0.0%) (0.0%) (0.0%)
3 0 0 1 0 1
(0.0%) (1.4%) (1.3%)
4 0 0 4 0 4
(0.0%) (5.4%) (5.0%)
5 0 0 28 0 28
(0.0%) (37.8%) (35.0%)
6 0 4 3 0 7
(66.7%) (4.1%) (8.8%)
7 0 2 29 0 31
(33.3%) (39.2%) (38.8%)
8 0 0 0 0 0
(0.0%) (0.0%) (0.0%)
9 0 0 4 0 4
(0.0%) (5.4%) (5.0%)
Total 0 6 74 0 80
Figure 1  Nu ber of manatees observed per survey and mean 
count of manatees by month (n = 18 surveys), June 1997 
to August 1998, Apalachicola Bay area, Franklin County 
(AMAPALG data set).
Table 3  Number and percentage of manatees observed in
aerial surveys, by quarter a  zo e, J e 1997 to August 1998, 
Apal chicola Bay area, Franklin County, Florida.
The data collected from 1995 through 1999 
emphasized the increasing importance of the 
Apalachicola area to manatees (Powell and 
Rathbun, 1984; Rathbun et al., 1990; Fertl et 
al., 2005). Public manatee sightings and aerial 
survey data showed that the greatest number 
of manatees used ANERR waters from April 
through October. June, July, and August had 
the highest mean number of manatees (Table 2). 
Although the sample size is small, this trend is 
consistent with historical literature and anecdotal 
sightings (Edmiston and Tuck, 1987; Chapter 12, 
this volume, Wakulla, 1994–96).
The increased incidence of manatee sightings 
in Franklin County may be the result of a range 
extension by manatees or a growing manatee 
population in northwestern Florida. However, 
the increase in sightings may also be the result of 
heightened public awareness or increased human 
use of the coastal system.
Reports of manatees throughout northwestern 
Florida have increased. Most data come from 
aerial counts at winter aggregations in Citrus 
County (Hartman, 1979; Powell, 1981; Powell 
and Rathbun, 1984; Rathbun et al., 1990; J. 
Kleen, USFWS, unpublished data). Increases 
in the counts could result from immigration, 
reproduction in the population, high survival 
rates (Langtimm et al., 1998, 2004), or from 
increased protection at those winter aggregations. 
The higher counts are probably a combination of 
more than one of these factors. Results of other 
studies also show increased use of Northwest 
Florida by manatees (O’Shea, 1988; Ackerman, 
1995; Eberhardt and O’Shea, 1995; FWC, 2002; 
Runge et al., 2004).
The spatial and temporal information obtained 
during the 1997–98 aerial surveys (Map 3; 
Figure 1; Table 1) has proven to be very useful. 
Information on manatees in the Apalachicola 
system is critical to understanding their seasonal 
distribution and may prove invaluable in the 
future if protective measures become necessary 
in this system. This study verified that manatees 
are more abundant in the Apalachicola area during 
the warm months, in particular from May through 
August. This result was expected because of 
manatee thermoregulatory constraints and the 
lack of artificial or natural warm-water refugia in 
the area. It is also noteworthy that the percentage 
of calves seen in the survey areas was very low in 
comparison to the percentage seen in other areas 
of Florida, which may be related to the distance 
of the surveys areas from any warm-water refuge.
Based on the density of manatee sightings in East 
Bay, it appears that this area is very important to 
manatees within the Apalachicola system. This 
is evident from aerial survey data, telemetry 
data, and anecdotal sightings. The East Bay area 
is relatively pristine with the exception of the 
eastern shore, and large parcels of this area are 
conserved through state or federal ownership. 
Although East Bay is well documented for its 
value as a nursery ground for commercially 
important fish species, preservation of this area 
also benefits manatees. The combination of 
abundant foraging areas, available fresh water, 
and limited boat traffic in East Bay may enhance 
its attractiveness to manatees.
The absence of aerial sightings in zone 8 around 
the Apalachicola waterfront may be due to its 
proximity to the river mouth, high river flow, 
depth, and high turbidity. In contrast, numerous 
manatees have been observed around this area 
from land and boat by ANERR staff and the 
general public. Based on anecdotal sighting 
information, manatees are frequently observed 
traveling north and south along the Apalachicola 
River waterfront.
In order to further monitor manatee distribution 
in a portion of the Apalachicola Bay area, seven 
aerial surveys were made in the warm months 
of 2000 and 2001. The flight path used in these 
surveys differed greatly from that used in the 
1997–1998 surveys. The 2000–2001 flight path 
included St. Vincent Sound, Indian Lagoon, 
the Gulf Beaches from Indian Lagoon to St. 
Joseph Peninsula Point, Gulf County Canal, 
Lake Wimico, and St. Joseph Bay. The flight path 
included St. Joseph Bay because numerous public 
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sightings were reported in this area. However, 
all manatee sightings during both years occurred 
in Lake Wimico. Lake Wimico is located in Gulf 
County and is accessed from the south via the 
Jackson River. Three surveys were conducted 
between April 17 and June 26, 2000. The only 
manatees observed were five manatees (3 adults 
and 2 calves) observed on the June 26th flight 
in the vicinity of Depot Creek in Lake Wimico. 
In 2001, four aerial surveys were conducted 
between May 1 and July 30, yielding a total of 18 
manatees, 14 of which were seen on July 30 as 
part of a mating herd in the vicinity of Columbus 
Bayou in Lake Wimico.
These surveys were expanded to include Lake 
Wimico because numerous manatees have been 
reported in the northwest portion of the lake and 
at its intersection with Depot Creek. Additional 
studies of manatees in the Apalachicola system 
should focus on their habitat preferences and 
their temporal distribution. The ANERR’s 
research in this area is the most comprehensive 
examination to date of manatees in the 
Apalachicola system and will provide baseline 
data for future monitoring efforts (FWC, 2000). 
This information will be extremely useful 
for long-term monitoring of the manatee in 
Northwest Florida, especially in light of the 
increasing waterfront development and other 
human pressures that presently exist in the 
Apalachicola system.
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Introduction 
Wakulla County is located in northwestern 
Florida along the Florida Panhandle in an area 
called the “Big Bend.” The combined coastal 
counties of the Florida Panhandle and Big Bend 
are known as the Northeast Gulf Coast. West of 
Citrus County, very little information exists about 
the historical use of this area by manatees. There 
were no mortality or telemetry data for Wakulla 
County when this study began in October 1994. 
New information about recent manatee sightings 
and carcasses is discussed below.
Powell and Rathbun (1984) produced the first 
comprehensive report of the distribution of 
manatees along the northern Gulf of Mexico. 
Based on the evidence at that time (1982), the 
Suwannee River appeared to be the northern 
limit to the year-round range of manatees on 
the gulf coast. Only two warm-season manatee 
sightings were documented for Wakulla County 
(Powell and Rathbun, 1984; Beeler and O’Shea, 
1988). These included one manatee seen in the 
St. Marks River in August 1976 during an aerial 
survey by Irvine and Campbell (1978) and one in 
the Wakulla River near St. Marks Yacht Club in 
1982. The U.S. Geological Survey’s Sirenia Project 
conducted one aerial survey of the Wakulla River 
on July 11, 1983 (Rathbun et al., 1990; Reid et al., 
1991). In-water observation later confirmed that 
three of the four manatees seen were manatees 
known to be from the Crystal River (Citrus 
County) population.
Rathbun et al. (1990) reported that by 1986, the 
number of manatees sighted along the Northeast 
Gulf Coast in the warm months had increased. 
These sightings west of the Suwannee River were 
considered to be outside of the normal range 
of manatees. They were probably of manatees 
moving north and west from the winter 
aggregations in Citrus County. The number 
of manatees in those winter aggregations has 
increased from the number found in the first 
surveys (Hartman, 1979; Powell, 1981; Powell 
and Rathbun, 1984; O’Shea, 1988; Rathbun et al., 
1990; Ackerman, 1995; J. Kleen, U. S. Fish and 
Wildlife Service [USFWS], unpublished data).
Local residents have recorded manatee sightings 
on the Wakulla and St. Marks rivers for more 
than 20 years. In 1991, the FWC’s Imperiled 
Species Management (ISM) section (formerly 
the Bureau of Protected Species Management) 
was established in Tallahassee, and staff learned 
of manatee use of the St. Marks and Wakulla 
rivers. Manatee sightings were compiled by a 
local advocacy group called HuManatee and 
were reported in the Wakulla News weekly 
newspaper. In 1992, HuManatee members 
contacted ISM staff requesting manatee 
protection (speed) zones in the Wakulla and St. 
Marks rivers. They believed that boat traffic on 
the rivers posed a risk to manatees in Wakulla 
County. ISM staff conducted the study reported 
herein from October 1994 to September 1996 to 
document the presence of manatees in the area 
and to determine whether there was a need for 
manatee protection zones in the area.
The raw data from these aerial survey studies 
are available in GIS format on the FWC–FMRI 
CD–ROM (FWC, 2000 [manatee sightings 
AMWAKULA; flight route FTWAKULA data 
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sets]), and on the FWC website http://ocean.
floridamarine.org/mrgis/Description_Layers_
Marine.htm#marmam.
Methods
Study Area
The study area includes two major rivers in 
Wakulla County, the Wakulla and St. Marks 
rivers, the nearby gulf coast waters, and Spring 
Creek (Map 1). The Wakulla and St. Marks 
rivers form the western and eastern reaches of 
a Y-shaped river system and join at the town of 
St. Marks and San Marcos de Apalache Historic 
State Park. The portion of the St. Marks River 
north of the confluence is termed the upper St. 
Marks and the area south of the confluence, the 
lower St. Marks. The St. Marks is considered 
a blackwater river. It originates in the swamp 
and bottomland forests of northern Florida and 
southern Georgia and has dark, tannic waters. It 
drains a 4,700 km2 basin and flows for 56 km to 
the Gulf of Mexico at Apalachee Bay (Hand et al., 
1994). Many undeveloped areas under state or 
federal management were part of the study area, 
including the St. Marks National Wildlife Refuge 
(NWR), Edward Ball Wakulla Springs State Park, 
and the Big Bend Seagrasses State Aquatic Preserve.
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Map 1  Flight path followed during aerial surveys of manatee distribution in Wakulla County, Florida (n = 46 surveys) from 
October 1994 to September 1996 (FTWAKULA data set).
The study area is confined to the lower 23 km of 
the St. Marks River beginning at the St. Marks 
Spring. The spring flow averages 20 m3/sec, and 
the river runs 18 km to the confluence with the 
Wakulla River. Much of the river is lined with 
hardwood and cedar swamps, with residential 
development mostly along the west bank and 
silviculture lands and the St. Marks NWR along 
the east bank. The town of St. Marks has seafood 
processing plants, a marina, an oil tank farm, 
a refinery, and the Sam O. Purdom Generating 
Station operated by the city of Tallahassee. 
Manatees use the Purdom power plant’s thermal 
discharge canal as a warm-water refuge during 
the winter months. The lower St. Marks River is 
tidally influenced and includes both freshwater 
and saltwater marshes, with pine flatwood 
islands scattered throughout the area, including 
the St. Marks NWR.
The Wakulla River originates from Wakulla 
Springs, a first magnitude spring, which provides 
most of the river’s average flow of 11 m3/sec 
(Hand et al., 1994). It runs southeast 16 km to 
the confluence with the St. Marks. The spring 
and upper reaches of the river are surrounded 
by old-growth floodplain forest within Edward 
Ball Wakulla Springs State Park. The upstream, 
nontidal portion of the river is bordered by 
cypress and hardwood swamps. The lower river 
is tidally influenced south of the U.S. Highway 98 
(lower) bridge and has freshwater tidal swamps, 
which change to salt marsh near the confluence 
with the St. Marks River.
In the St. Marks River (Map 1), available forage 
for manatees includes strap-leaf (Sagittaria 
kurziana), arrowhead (Sagittaria graminea), tape-
grass (Vallisneria americana), and pondweed 
(Potamogeton). Manatees on the lower St. Marks 
were observed feeding on sago pondweed 
in September 1996 (personal observation, B. 
Bartodziej, K. Burks, and K. Smith, FDEP, 1993).
The study area also includes open Gulf of Mexico 
waters from the St. Marks River west to Spring 
Creek. This is shallow, low-energy coastline 
characterized by intertidal marsh, salt flats, and 
submerged seagrasses. Turtle-grass (Thalassia 
testudinum) is the principal seagrass in the marine 
community, which also contains manatee-grass 
(Syringodium filiforme) and shoal-grass (Halodule 
wrightii). In the residential communities of Live 
Oak Island, Shell Point, Stuart, and Spring Creek, 
the shoreline has been altered; canals and basins 
were dug, wetlands were filled for residences, 
and some shoreline was armored.
Spring Creek originates from 14 known 
submarine springs that have a combined 
discharge of 56 m3/sec (Rosenau et al., 1977). 
Discharge into Oyster Bay is relatively high. 
Nearly 60% of the springs’ fresh groundwater 
discharges were detected two miles away from 
the coastline. Spring Creek flows through a tidal 
marsh as is typical along the Gulf of Mexico. 
A few homes and commercial buildings adjoin 
the eastern portion of the river. In June 1996, 
a satellite- and radio-tagged manatee, TTB058 
(Sweet Pea) and other manatees were observed 
in Spring Creek by ISM researchers (Weigle et al., 
2001). They were feeding on horned pondweed 
(Zannichellia palustris), southern naiad (Najas 
guadalupensis), and widgeon-grass (Ruppia 
maritima).
Aerial Survey Protocols
Aerial surveys of Wakulla County were 
conducted twice per month from October 1994 
through September 1996 (n = 46 surveys). In 
1995, two surveys—one in February and one 
in March—were cancelled because of bad 
weather. All survey flights started and ended at 
Tallahassee Regional Airport. Survey procedures 
followed those described in Chapter 2 (this 
volume). Surveys were conducted in a Cessna 
172 high-wing aircraft at an altitude of 150–210 
m, except when circling at 300 m over the 
Purdom power plant to avoid the plant’s towers 
and stacks. The average survey time was 1.3 
hours, including a half-hour of transit time to 
and from the survey area. The primary observer 
occupied the right front seat and, if present, a 
secondary observer occupied the right rear seat. 
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Most of the secondary observers were not trained 
in conducting aerial surveys. Bottlenose dolphin 
sightings were also recorded during the survey.
A standard flight path was followed for each 
survey (Map 1). Over the course of the study, 
some adjustments were made to the original 
survey route to increase manatee observations. 
For example, the Purdom power plant and 
Spring Creek areas were originally circled for 
2–3 min. each. Because it was difficult to spot 
submerged manatees in the dark waters of these 
areas, the flight was modified to circle for 5–6 
min. Stuart Cove, near Spring Creek, was added 
to the survey route after manatees were seen 
there in May 1996. Finally, a portion of the St. 
Marks River from the U.S. Highway 98 bridge at 
Newport north to the St. Marks Spring basin was 
added during the winter months to determine 
whether manatees were using any of the springs 
there as a thermal refuge. However, no manatees 
were sighted in this part of the river.
Water clarity varied throughout the survey 
period. No sections were consistently clear. The 
clarity of the Wakulla River, lower St. Marks 
River, and Gulf of Mexico waters occasionally 
ranged from good to excellent.
Survey data were collected during what we 
called the warm season (April–October) and 
the cold season (November–March). The cold 
season is longer in the Wakulla area than in areas 
farther south—most other studies categorized 
the shorter cold season as December–February 
and the warm season as April–October. Seasonal 
counts were further examined by dividing the 
year into four quarters as described in Chapter 2.
Results
A total of 266 manatees were observed: manatees 
were sighted on 37 of the 46 surveys (80%). A 
mean of 5.8 manatees were seen per survey (SD 
= 6.0; Table 1). The highest count of 24 manatees 
was recorded on June 27, 1996. Manatees were 
not seen on nine of the survey flights during 
December to April. Although the majority of 
sightings (85 of 134 groups, 63%) were of solitary 
individuals, the average group size was 2.0 
manatees (SD = 2.1, range 1–14). The data sets 
are available on CD–ROM and on the FWC 
website http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam 
(FWC, 2000; manatee sightings, AMWAKULA; 
flight route, FTWAKULA data sets).
The total number of calves seen was 28 (SD = 
14.6), an average of 9.9% of the total observations 
per survey. This percentage is similar to that 
reported for other populations (Rathbun et al., 
1995). However, the highest one-survey count of 
calves (n = 5) and adults (n = 19) were registered 
during the same survey June 27, 1996, suggesting 
that 21% of this population were actually calves.
The data show distinct periods of seasonal use 
(Figure 1). Average survey counts were 
significantly higher in the warm season (n = 
28 flights, x¯ = 8.9, SD = 5.9, range 0–24) than in 
the cold season (n = 18 flights, x¯ = 0.9, SD = 1.1, 
range 0–4, ANOVA, P = 0.0001). The average 
monthly count of manatees was highest in June 
(n = 4 flights, x¯ = 13.8) and the lowest in March 
(n = 3 flights, 0 manatees seen). The number of 
manatees seen increased rapidly in April, peaked 
in June, and rapidly decreased in October.
Seasonal counts were further examined by 
dividing the year into four quarters (Table 2). The 
mean number of manatees observed per flight 
was significantly higher in the summer (n = 12, 
x¯ = 11.8, SD = 5.8, range 5–24) than in the other 
quarters. Summer counts were about double the 
spring (n = 11, x¯ = 5.3, SD = 6.1, range 0–17) and 
fall counts (n =12, x¯ = 4.7, SD = 4.2, range 1–13), 
and much higher than the mean winter count 
(n = 11, x¯ = 1.0, SD = 1.3, range 0–4). Counts 
of adults and calves showed similar seasonal 
patterns but were not analyzed because of small 
sample sizes. Manatee calves were detected 
during 18 (39%) of the 46 flights. No calves were 
observed during the months of December and 
March.
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Discussion
ISM staff conducted this study from October 1994 
to September 1996 to document the presence of 
manatees in the area. At that time, very little was 
known about manatee numbers and distribution 
in the Panhandle (Hartman, 1974; Powell and 
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x¯ = 0.9, SD = 1.1, range 0–4, ANOVA, P = 0.0001). The
average monthly count of manatees was highest in
June (n = 4 flights, x¯ = 13.8) and the lowest in March (n
= 3 flights, 0 manatees seen).The number of manate s
seen increased rapidly in April, peaked in June, and
rapidly decreased in October.
Seasonal co nts were further examined by divid-
ing the year into four qu rters (Table 2). The mean
Manatees %
Date Adults Calves Total Calves Quarter
24 Oct 94 6 0 6 0.0 Fall
31 Oct 94 1 0 1 0.0 Fall
08 Nov 94 1 0 1 0.0 Fall
21 Nov 94 1 0 1 0.0 Fall
09 Dec 94 0 0 0 -- Winter
27 Dec 94 1 0 1 0.0 Winter
09 Jan 95 4 0 4 0.0 Winter
24 Jan 95 2 0 2 0.0 Winter
07 Feb 95 1 1 2 50.0 Winter
03 Mar 95 0 0 0 -- Spring
04 Apr 95 0 0 0 -- Spring
28 Apr 95 12 2 14 14.3 Spring
12 May 95 6 2 8 25.0 Spring
25 May 95 9 1 10 10.0 Spring
09 Jun 95 7 1 8 12.5 Summer
20 Jun 95 8 1 9 11.1 Summer
12 Jul 95 6 0 6 0.0 Summer
20 Jul 95 6 0 6 0.0 Summer
07 Aug 95 17 0 17 0.0 Summer
28 Aug 95 5 0 5 0.0 Summer
15 Sep 95 5 0 5 0.0 Fall
19 Sep 95 12 1 13 7.7 Fall
16 Oct 95 1 1 2 50.0 Fall
20 Oct 95 3 1 4 25.0 Fall
02 Nov 95 2 0 2 0.0 Fall
30 Nov 95 1 1 2 50.0 Fall
11 Dec 95 0 0 0 -- Winter
18 Dec 95 1 0 1 0.0 Winter
10 Jan 96 0 0 0 -- Winter
16 Jan 96 1 0 1 0.0 Winter
05 Feb 96 0 0 0 -- Winter
14 Feb 96 0 0 0 -- Winter
15 Mar 96 0 0 0 -- Spring
29 Mar 96 0 0 0 -- Spring
11 Apr 96 3 0 3 0.0 Spring
25 Apr 96 2 0 2 0.0 Spring
13 May 96 16 1 17 5.9 Spring
28 May 96 4 0 4 0.0 Spring
11 Jun 96 13 1 14 7.1 Summer
27 Jun 96 19 5 24 20.8 Summer
11 Jul 96 15 2 17 11.8 Summer
26 Jul 96 8 0 8 0.0 Summer
09 Aug 96 12 2 14 14.3 Summer
27 Aug 96 11 2 13 15.4 Summer
06 Sep 96 11 1 12 8.3 Fall
20 Sep 96 5 2 7 28.6 Fall
Total 238 28 266 10.5
Table 1 Summary of aerial survey dates (n = 46 surveys), manatee counts, and percentages of calves, October 1994–Sep-
tember 1996 in the Wakulla and St. Marks rivers, in Spring Creek, and along the Gulf of Mexico,Wakulla County, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
Table 2 Aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves) of
manatees, by season (n = 46 surveys), from October 1994 to September 1996 in the Wakulla and St. Marks rivers, in Spring
Creek, and along the Gulf of Mexico, Wakulla County, Florida. Mean counts that are not significantly different have the
same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 46 5.8 0 24 6.0 4 -- 9.9
Seasons
Cold (Nov.–Mar.) 18 0.9 0 4 1.1 1 B 10.0
Warm (Apr.–Oct.) 28 8.9 0 24 5.9 8 A 8.9
r2 = 0.42, F = 32.07, df = 1,44, P < 0.001
Quarters
Winter (Dec.–Feb.) 11 1.0 0 4 1.3 1 B 8.3
Spring (Mar.–May) 11 5.3 0 17 6.1 3 B 7.9
Summer (Jun.–Aug.) 12 11.8 5 24 5.8 11 A 7.8
Fall (Sep.–Nov.) 12 4.7 1 13 4.2 3 B 14.1
r2 = 0.42, F = 10.32, df = 3,42, P < 0.001
.
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x¯ = 0.9, SD = 1.1, range 0–4, ANOVA, P = 0.0001). The
average monthly count of manatees was highest in
June (n = 4 flights, x¯ = 13.8) and the lowest in arch (n
= 3 flights, 0 manatees seen).The number of manatees
seen increased rapidly in April, peaked in June, and
rapidly decreased in October.
Seasonal counts were further examined by divid-
ing the year into four quarters (Table 2). The mean
Manatees %
Date Adults Calves Total Calves Quarter
24 Oct 94 6 0 6 0.0 Fall
31 Oct 94 1 0 1 0.0 Fall
08 Nov 94 1 0 1 0.0 Fall
21 Nov 94 1 0 1 0.0 Fall
09 Dec 94 0 0 0 -- inter
27 Dec 94 1 0 1 0.0 inter
09 Jan 95 4 0 4 0.0 inter
24 Jan 95 2 0 2 0.0 inter
07 Feb 95 1 1 2 50.0 inter
03 ar 95 0 0 0 -- Spring
04 Apr 95 0 0 0 -- Spring
28 Apr 95 12 2 14 14.3 Spring
12 ay 95 6 2 8 25.0 Spring
25 ay 95 9 1 10 10.0 Spring
09 Jun 95 7 1 8 12.5 Summer
20 Jun 95 8 1 9 11.1 Summer
12 Jul 95 6 0 6 0.0 Summer
20 Jul 95 6 0 6 0.0 Summer
07 Aug 95 17 0 17 0.0 Summer
28 Aug 95 5 0 5 0.0 Summer
15 Sep 95 5 0 5 0.0 Fall
19 Sep 95 12 1 13 7.7 Fall
16 Oct 95 1 1 2 50.0 Fall
20 Oct 95 3 1 4 25.0 Fall
02 Nov 95 2 0 2 0.0 Fall
30 Nov 95 1 1 2 50.0 Fall
11 Dec 95 0 0 0 -- inter
18 Dec 95 1 0 1 0.0 inter
10 Jan 96 0 0 0 -- inter
16 Jan 96 1 0 1 0.0 inter
05 Feb 96 0 0 0 -- inter
14 Feb 96 0 0 0 -- inter
15 ar 96 0 0 0 -- Spring
29 ar 96 0 0 0 -- Spring
11 Apr 96 3 0 3 0.0 Spring
25 Apr 96 2 0 2 0.0 Spring
13 ay 96 16 1 17 5.9 Spring
28 ay 96 4 0 4 0.0 Spring
11 Jun 96 13 1 14 7.1 Summer
27 Jun 96 19 5 24 20.8 Summer
11 Jul 96 15 2 17 11.8 Summer
26 Jul 96 8 0 8 0.0 Summer
09 Aug 96 12 2 14 14.3 Summer
27 Aug 96 11 2 13 15.4 Summer
06 Sep 96 11 1 12 8.3 Fall
20 Sep 96 5 2 7 28.6 Fall
Total 238 28 266 10.5
Table 1 Summary of aerial survey dates (n = 46 surveys), manatee counts, and percentages of calves, October 1994–Sep-
tember 1996 in the akulla and St. arks rivers, in Spring Creek, and along the Gulf of exico, akulla County, Florida.
Manatees %
Date Adults Calves Total Calves Quarter
Table 2 Aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves) of
manatees, by season (n = 46 surveys), from October 1994 to September 1996 in the akulla and St. arks rivers, in Spring
Creek, and along the Gulf of exico, akulla County, Florida. ean counts that are not significantly different have the
same letter in the column titled Difference of eans.
No. of Difference %
Ti e Period Surveys Mean Min Max SD Median of Means Calves
Total 46 5.8 0 24 6.0 4 -- 9.9
Seasons
Cold (Nov.– ar.) 18 0.9 0 4 1.1 1 B 10.0
arm (Apr.–Oct.) 28 8.9 0 24 5.9 8 A 8.9
r2 = 0.42, F = 32.07, df = 1,44, P < 0.001
Quarters
inter (Dec.–Feb.) 11 1.0 0 4 1.3 1 B 8.3
Spring ( ar.– ay) 11 5.3 0 17 6.1 3 B 7.9
Summer (Jun.–Aug.) 12 11.8 5 24 5.8 11 A 7.8
Fall (Sep.–Nov.) 12 4.7 1 13 4.2 3 B 14.1
r2 = 0.42, F = 10.32, df = 3,42, P < 0.001
l  1  Summary of aerial survey dates (n = 46 surveys), man tee counts, and perc ntages of calves, October 1994–September 1996 
in the Wakulla and St. Marks rivers, in Spring Creek, and along the Gulf of Mexico,Wakulla County, Florida.
able 2  Aerial survey counts (mean, minimum, maximum, SD, median, analysis of variance, and percentage of calves) of
atees, by season (n = 46 surveys), from October 1994 to September 19 6 in the Wakulla and St. Marks rivers, in Spring
k, and along the Gulf of Mexico,Wakulla County, Florida. Mean counts that are not significantly different have t e
s e letter in the column titled Difference of Means.
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Wakulla County
x¯ = 0.9, SD = 1.1, range 0–4, ANOVA, P = .0001). The
average monthly count of m natees was highest in
June (n = 4 flights, x¯ = 13.8) and the l west in March (n
= 3 flights, 0 m natees seen).The number of m natees
see  increased rapidly in April, peaked in June, and
rapidly decreased in October.
Seasonal counts were furth r xamined by divid-
g the year int  four qua ters (Table 2). Th  mean
M natees %
Date Adults Calves Total Calves Qua ter
24 Oct 94 6 0 6 0.0 Fall
31 Oct 94 1 0 1 0.0 Fall
08 Nov 94 1 0 1 0.0 Fall
21 Nov 94 1 0 1 0.0 Fall
09 Dec 94 0 0 0 -- Winter
27 Dec 94 1 0 1 0.0 Winter
09 Jan 95 4 0 4 0.0 Winter
24 Jan 95 2 0 2 0.0 Winter
07 Feb 95 1 1 2 50.0 Winter
03 Mar 95 0 0 0 -- Spring
04 Apr 95 0 0 0 -- Spring
28 Apr 95 12 2 14 14.3 Spring
12 May 95 6 2 8 25.0 Spring
25 May 95 9 1 10 10.0 Spring
09 Jun 95 7 1 8 12.5 Su mer
20 Jun 95 8 1 9 1.1 Su mer
12 Jul 95 6 0 6 0.0 Su mer
20 Jul 95 6 0 6 0.0 Su mer
07 Aug 95 17 0 17 0.0 Su mer
28 Aug 95 5 0 5 0.0 Su mer
15 Sep 95 5 0 5 0.0 Fall
19 Sep 95 12 1 13 7.7 Fall
16 Oct 95 1 1 2 50.0 Fall
20 Oct 95 3 1 4 25.0 Fall
02 Nov 95 2 0 2 0.0 Fall
30 Nov 95 1 1 2 50.0 Fall
11 Dec 95 0 0 0 -- Winter
18 Dec 95 1 0 1 0.0 Winter
10 Jan 96 0 0 0 -- Winter
16 Jan 96 1 0 1 0.0 Winter
05 Feb 96 0 0 0 -- Winter
14 Feb 96 0 0 0 -- Winter
15 Mar 96 0 0 0 -- Spring
29 Mar 96 0 0 0 -- Spring
11 Apr 96 3 0 3 0.0 Spring
25 Apr 96 2 0 2 0.0 Spring
13 May 96 16 1 17 5.9 Spring
28 May 96 4 0 4 0.0 Spring
11 Jun 96 13 1 14 7.1 Su mer
27 Jun 96 19 5 24 20.8 Su mer
11 Jul 96 15 2 17 11.8 Su mer
26 Jul 96 8 0 8 0.0 Su mer
09 Aug 96 12 2 14 14.3 Su mer
27 Aug 96 11 2 13 15.4 Su mer
06 Sep 96 11 1 12 8.3 Fall
20 Sep 96 5 2 7 28.6 Fall
Total 238 28 266 10.5
Table 1 Summary of aerial survey dates (n = 46 surveys), m natee cou ts, and p rcentages of calves, October 1994–S p-
tember 1996 in the Wakulla and St. Marks riv rs, in Spring Cr ek, and along the Gulf of Mexico,Wakulla County, Florida.
M natees %
Date Adults Calves Total Calves Qua ter
Table 2 Aerial survey counts (mean, mini u , maxi um, SD, median, nalysis of v riance, and p rcentage of calves) of
m natees, by easo (n = 46 surveys), from October 1994 to S ptember 1996 in the Wakulla and St. Marks rivers, in Spring
Creek, and along the Gul  of Mexico, Wakulla County, Florida. Mean counts th t are not significantly different have the
same letter in the column titled Difference of Means.
N . of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 46 5.8 0 24 6.0 4 -- 9.9
Seasons
Cold (Nov.–Mar.) 18 0.9 0 4 1.1 1 B 10.0
Warm (Apr.–Oct.) 28 8.9 0 24 5.9 8 A 8.9
r2 = 0.42, F = 32.07, df = 1 44, P < .001
Quarters
Winter (Dec.–Feb.) 11 1.0 0 4 1.3 1 B 8.3
Spring (Mar.–May) 11 5.3 0 17 6.1 3 B 7.9
Su mer (Jun.–Aug.) 12 11.8 5 24 5.8 11 A 7.8
Fall (Sep.–Nov.) 12 4.7 1 13 4.2 3 B 4.1
r2 = 0.42, F = 10.32, df = 3 42, P < .001
           Adults  Calves  Total   Calves  
Manatees %
           Adults  Calves  Total   Calves  
Manat es %
Rathbun, 1984; Beeler and O’Shea, 1988; Rathbun 
et al., 1990). Our surveys provided substantial 
new information about the seasonal distribution 
of manatees in this area. One objective was to 
determine whether the number of manatee 
sightings was high enough to warrant additional 
protection. Using data from these surveys, a local 
group, HuManatee, sought manatee protection 
zones in the Wakulla River from the Wakulla 
County Commission. A county ordinance was 
passed in 1998, and the manatee protection zones 
were posted in 1999.
A high count (“maximum-count index”; Packard, 
1985a) of 24 manatees was recorded on June 27, 
1996. This count represents only a minimum 
estimate of the actual number of manatees that 
may be present in the Wakulla County study 
area. One radio-tagged manatee, TTB058 (Sweet 
Pea), was not seen by the aerial observer during 
this survey but was known through telemetry to 
have been in the study area. This manatee was 
tracked via satellite- and radio-telemetry in the 
Panhandle from May to October 1996 (Weigle 
et al., 2001). She stayed in the study area during 
May and June 1996. At the time of this study, no 
other radio-tagged manatees have traveled to 
Wakulla County.
Counts of manatees showed distinct seasonal 
patterns: they were higher in the summer than 
in spring, winter, and fall. Manatees mainly 
use the waters of Wakulla County from mid-
April through mid-October. These manatees are 
presumed to have dispersed northwestward 
from winter aggregations at the Crystal and 
Homosassa rivers in Citrus County and 
spread throughout the northern Big Bend and 
Panhandle coasts during the spring and summer 
(Powell and Rathbun, 1984; Rathbun et al., 1990). 
The Big Bend and Panhandle coasts are excellent 
habitats, with abundant submerged aquatic 
vegetation (SAV) and less boat traffic than in 
peninsular Florida. It is probable that most of 
these manatees return to spend the winter in the 
Crystal or Homosassa rivers.
Reports of manatees in northwestern Florida 
have increased. Most of these reports are based 
on data from aerial counts at winter aggregations 
in Citrus County (Hartman, 1979; Powell, 
1981; Powell and Rathbun, 1984; Rathbun et 
al., 1990; J. Kleen, USFWS, unpublished data). 
Increases in the counts could result from 
immigration, reproduction in the population, 
high survival rates (Langtimm et al., 1998, 2004), 
or from increased protection at those winter 
aggregation sites. The higher counts are probably 
a combination of these factors. Other trend 
analyses (O’Shea, 1988; Ackerman, 1995) and 
population models (Eberhardt and O’Shea, 1995; 
Runge et al., 2004) have been consistent with 
increases in the Northwest Florida population.
Manatees were not evenly distributed over the 
survey area during the different seasons (Maps 
2, 3). During summer, most manatees were seen 
in the Wakulla River or in the St. Marks River 
within a few kilometers of the confluence with 
the Wakulla River (Map 3). The predominant 
areas used during the warm season were the 
Wakulla River south of the U.S. Highway 98 
(lower) bridge and in the lower St. Marks River. 
Small groups of manatees were seen in the 
Wakulla River at the following locations: near 
Joes Island below the U.S. Highway 98 bridge, 
opposite Shell Island Fish Camp, and near the 
shore of San Marcos de Apalache Historic State 
Park. These sites all have abundant SAV. On the 
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Figure 1  Number of manatees observed per survey (n = 46 
surveys), October 1994 to September 1996,Wakulla County, 
Florida (AMWAKULA data set).
lower St. Marks River, small groups of manatees 
were observed feeding in the SAV beds on the 
west side of the river just below its confluence 
with the Wakulla River. The few sightings in the 
upper reaches of the St. Marks River occurred in 
late summer (July and August).
Most of the manatees observed in the cold season 
were in the St. Marks River within or near the 
discharge canal of the Purdom power plant (Map 
2). There were fewer manatees in the upper St. 
Marks River than in the Wakulla or lower St. 
Marks rivers. All but four of the sightings during 
the winter season were near the power plant. 
The plant discharged intermittently during 
the survey period (1994–95 and 1995–96 cold 
seasons). Water-temperature data provided by 
the power plant and data collected by the author 
showed temperatures at the plant’s discharge 
point to be about 20°–22°C. River temperatures 
adjacent to the discharge canal were as low 
as 15°C during the coldest months. At Spring 
Creek, all sightings but one (November 2, 1995) 
occurred between late April and September.
A database of manatee sightings was developed 
to record anecdotal information from the 
northeastern gulf and for citizens to report 
sightings. Data were obtained from citizen 
calls to the USFWS and the Save the Manatee 
Club, from sighting logs from residents of 
the Withlacoochee River area (Levy County), 
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Map 2  Cold-season sightings of manatees during aerial surveys in Wakulla County, Florida (November–March; n = 18 
surveys) from October 1994 to September 1996 (AMWAKULA data set).
from Linda Dehkle (formerly of San Marcos 
de Apalache Historic State Park), and from 
the HuManatee group (compiled by Gretchen 
Evans of TNT Hideaway, Inc.). Many of the 
anecdotal sightings matched sightings by the 
author during the study. Anecdotal sightings 
have been reported in all months of the year, 
although no aerial sightings were made in the 
month of March. The highest citizen report was 
of 22 manatees in the Wakulla River in May 1999. 
These sighting reports have provided additional 
information on the seasonal distribution of 
manatees in this and other Panhandle counties, 
where data for management have been sparse. 
This information enhances the aerial survey data 
to give a more robust picture of manatee use and 
distribution in Wakulla County and elsewhere in 
the Panhandle.
Since the database was established from citizen 
reports of manatee sightings, reports from points 
farther west than Wakulla County on Florida’s 
Panhandle have increased. The following three 
winters, from 1996–97 to 1998–99, were mild for 
this area. Manatees returned earlier than they 
did during the study period, with some sightings 
west of Wakulla County in March. A live 
manatee was reported in the Blackwater River 
in Santa Rosa County in December 1999 but 
was recovered dead in January 2000. In January 
1999, there was one live rescue in Steinhatchee 
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Map 3  Warm-season sightings of manatees during aerial surveys in Wakulla County, Florida (April–October; n = 28 
surveys) from October 1994 to September 1996 (AMWAKULA data set).
(Taylor County, east of the study area) and one 
death in Apalachicola (Franklin County, west of 
the study area). The increase in sighting reports 
could indicate an increasing manatee population, 
increasing awareness of manatees by citizens, 
expanding use of the sightings database, or a 
combination of these.
Other observations suggest a slowly growing 
number of manatees in the area. A live birth 
was witnessed in the St. Marks River in mid-
July 1994. The mother of this manatee had a scar 
pattern that was recognizable from the air. The 
mother and calf were observed by the author 
until the calf was weaned and the mother was 
then seen with a new calf in 1996. A subadult 
manatee was with them or nearby on several 
more occasions. These manatees returned for 
at least three summers and showed some site 
fidelity, indicating the possibility of a resident 
summer population in addition to transient 
manatees that use the area en route to and from 
counties to the west.
During the study period, one manatee carcass 
was recovered from Wakulla County 
(Ochlockonee River in Panacea) in February 1994 
(MNW9401; natural, cold-related). A second 
carcass was recovered from the lower St. Marks 
River in June 2000 (MNW0023, watercraft-
related) of a manatee that died of earlier, chronic 
watercraft injuries. A third carcass was recovered 
in July 2002 (MNW0230, perinatal) above the 
Newport bridge. These are the only carcasses 
that have been reported in Wakulla County 
(Ackerman et al., 1995; FWC–FMRI, unpublished 
mortality data).
As expected with manatees at the northern limits 
of their range, cold-stress rescues and mortalities 
occurred during some winters in the northern 
Big Bend and Panhandle counties. Young males 
are particularly vulnerable (Ackerman et al., 
1995). If the population here is increasing, it 
may be necessary to plan for future rescues and 
recoveries in this area.
There is no conclusive evidence that manatees 
over-winter in the Big Bend region west of the 
Suwannee River. To date, no manatees have 
been observed for the duration of a winter 
season—not at the major springs (Wakulla and 
Spring Creek), the lesser springs in the Wakulla 
and St. Marks rivers, or at the Purdom power 
plant. There has been an increase in the number 
of sightings of manatees within the basin of 
Wakulla Springs, some in the winter, perhaps 
related to changes in output from the power plant.
Additional research in this area would be 
desirable. Although aerial-survey data provide 
a snapshot of manatee distribution, there 
have been no longitudinal studies to examine 
how manatees use the area. If we could radio-
tag a manatee known to spend summers in 
Wakulla County or adjacent Franklin County 
(Apalachicola area; Chapter 11, this volume), 
we might be able to learn whether manatees 
use the area only in the warm season, if any 
manatees over-winter here, or whether they 
travel back and forth to other warm-water sites 
(Manatee Springs and Fanning Springs state 
parks in Levy County, or Citrus County) during 
cold periods. Additional photoidentification 
research is recommended. Opportunistic photos 
have been collected from citizens and amateur 
photographers, but only a few of those manatees 
have unique scar patterns, and few have been 
matched in the scar catalog. Three manatees in 
the scar catalog known to be from Crystal River 
were observed in the Wakulla River in July 1983 
(Rathbun et al., 1990), but no known manatees 
have been observed in the study area during the 
winter. One manatee photographed by the author 
in the Wakulla River was matched to a manatee 
in the scar catalog that was previously identified 
in Tampa Bay.
The number of manatees in this area is apparently 
slowly increasing, and further research would 
provide valuable data on the important areas 
used by these manatees and on other areas to 
which they travel.
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A group of manatees in Boco Ciega Bay, St Petersburg, FL.
Photo by Mary Jo Melichercik, FWC.
Introduction 
Reports of manatee sightings were rare in the 
Tampa Bay area in the first half of the 20th 
century (Moore, 1951a; Layne, 1965). Hartman 
(1974) concluded, based on public interviews, 
that manatees occurred principally along the 
southeastern shore of Tampa Bay in the 1950s, 
but there were only a few manatee sightings per 
year.
Four warm-water sites in Tampa Bay have been 
surveyed since 1973:  The Cargill Incorporated, 
phosphate plant (formerly owned by the 
Cities Service Company, Gardinier Phosphate 
Company, and by Cargill Fertilizer Company) 
on the Alafia River, the Tampa Electric Company 
(TECO) Big Bend power plant at Apollo Beach, 
the TECO H. L. Culbreath Bayside Power Station 
(formerly TECO Gannon Power Station) at Port 
Sutton in northeastern Hillsborough Bay, and the 
Paul L. Bartow power plant owned by Progress 
Energy (formerly the Florida Power Corporation, 
FPC) in St. Petersburg.
Manatee counts in the 1970s were much lower 
than they are currently. In the 1970s and early 
1980s, winter aerial surveys of manatees were 
conducted using various designs and intensities. 
Most of those surveys were conducted near the 
warm-water discharges at the three power plants 
and at one industrial outfall mentioned above.
Hartman (1974, 1979) reported “up to 10 
manatees” using the Cargill outfall after a strong 
cold front in February 1973, 2–3 manatees at the 
TECO Big Bend power plant, and no manatees 
using the TECO H. L. Culbreath Bayside plant 
in the cold winter of 1972–73. This ground count 
was the first winter count made in Tampa Bay. 
In the winter and summer of 1976, Irvine and 
Campbell (1978) included Tampa Bay waters 
in two statewide surveys. The winter count 
(January 30, 1976) yielded 42 manatees (after a 
cold front): 40 in Hillsborough near the Cargill 
and Big Bend plants and 2 in Pinellas near the 
Bartow power plant. Irvine et al. (1982) included 
Tampa Bay in five aerial surveys made from 
July through December 1979 covering the entire 
southwest coast of Florida (0–50 manatees 
counted per survey in Hillsborough County and 
0–7 manatees per survey in Pinellas). The highest 
combined count was 57 in December 1979: 40 at 
the Cargill plant, 10 at the Big Bend plant, and 7 
near the Bartow plant. The lowest monthly count 
was three manatees in October.
Patton (1980) conducted twice-monthly aerial 
surveys from June 1979 to February 1980. The 
highest count was 55 manatees in February 1980; 
most were at the Cargill plant (summarized 
by Beeler and O’Shea, 1988). Weigle (1983) 
conducted boat-based surveys at the Cargill 
and Big Bend plants in January and February 
1983. The highest count after a cold front was 40 
manatees: 29 at the Cargill plant and 11 at the Big 
Bend power plant.
Reynolds (1987) conducted winter aerial surveys 
of manatees from 1982–83 to 1986–87 at the 
TECO Big Bend, TECO H. L. Culbreath Bayside, 
and Progress Energy Bartow power plant 
discharges, during a study of power plants (4–9 
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surveys each winter; Reynolds and Wilcox, 1994). 
The highest aerial counts in each winter ranged 
from 31 to 76 manatees per survey (Reynolds, 
1987; Beeler and O’Shea, 1988).
In the 1980s and 1990s, year-round aerial surveys 
were used to document manatee and dolphin 
numbers and seasonal distribution (1987–1997; 
Reynolds et al., 1991; Weigle et al., 1991; Wright 
et al., 2002). Later, a number of manatee studies 
were initiated in Tampa Bay, including winter 
shore-based photo identification studies at the 
Tampa Bay power plants to document manatee 
life histories (1991–ongoing; FWC–FWRI, 
unpublished data) and satellite- and radio-
telemetry to determine individual manatee 
movements and habitat use (1991–1997; Weigle 
et al., 2001; and 2000–2003; FWC–FWRI, 
unpublished data). From 1999 to 2003, aerial 
surveys of the Progress Energy Bartow plant 
and the TECO Big Bend and H. L. Culbreath 
Bayside plants were conducted as part of a study 
to estimate probabilities of detecting manatees 
during surveys of the TECO Big Bend power 
plant discharge canal (Edwards et al., 2007).
During the 1980s, changes in the Tampa Bay 
warm-water sources greatly affected manatee 
distribution (Weigle et al., 1988). In 1985, the 
Cargill phosphate plant’s hot-water discharge 
(35°C) into the Alafia River was eliminated. 
Also in 1985, the TECO Big Bend plant added a 
fourth warm-water discharge unit. In addition, 
protection from human disturbance at the power 
plant greatly increased. In winter 1986, a small 
no-entry zone for boats was established at the 
TECO Big Bend plant in the large discharge 
canal, at what was previously a boat ramp, and 
manatees began to use that power plant in large 
numbers. The no-entry zone was expanded to 
year-round in the entire discharge canal in 1989 
(Reynolds et al., 1991; Wright et al., 2002). These 
actions resulted in a shift in winter manatee use 
from the Alafia River to the Big Bend plant in 
the winter of 1985–86 (Beeler and O’Shea, 1988; 
Weigle et al., 1988; Wright et al., 2002). In that 
winter, the highest count was 39 at the Big Bend 
plant and 18 at the Cargill plant.
The number of manatees using the Big Bend 
plant has rapidly increased since 1985. The 
discharge canal at the Big Bend plant is much 
larger than any other discharge canal in the 
state, and it offers a continuous flow of warm 
water and a large, deep area where the warm 
water pools and maintains its heat. Some 
movement of manatees has been documented 
between the Tampa Bay and Fort Myers 
wintering areas during the winter (Weigle et 
al., 2001; FWC–FWRI, unpublished telemetry 
data), and photoidentification data suggest that 
some manatees have permanently shifted their 
wintering area from Fort Myers to Tampa Bay 
(FWC–FWRI, unpublished data). 
The following chapter documents the results 
of distribution aerial surveys made in Tampa 
Bay from 1987 through 1997. Raw data from 
these aerial survey studies are available in GIS 
format on the FWC–FMRI CD–ROM (FWC, 2000; 
manatee sightings AMTB and AMTB97; survey 
route FTTB data sets) and on the FWC website
http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam.
Methods
Study Area
Tampa Bay, the largest estuary in Florida, covers 
about 1,000 km2 and borders Pinellas, 
Hillsborough, and Manatee counties on Florida’s 
west coast (TBNEP, 1996; Lewis et al., 1998) (Map 
1). Population of the Tampa Bay area, one of 
the nation’s fastest-growing metropolitan areas, 
increased by 43% from 1980 to 2000 (U.S. Census, 
2001). Most of Tampa Bay is relatively shallow, 
with an average depth of 4 m. Seventy-five 
percent of the area is 3–6 m deep (TBNEP, 1996; 
Pribble, 1999), except at the mouth in Egmont 
Channel, which is 27 m deep, and the main 
dredged shipping channels, which can reach a 
depth of 13 m. Five rivers (Hillsborough, Alafia, 
Little Manatee, Manatee, and Braden rivers) enter 
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the bay from the east and are used extensively by 
manatees.
Seagrass beds occur in waters less than 3 m 
deep; large expanses of seagrass exist in Boca 
Ciega Bay and Anna Maria Sound. Seagrass 
beds include several species, such as turtle-grass 
(Thalassia testudinum), shoal-grass (Halodule 
wrightii), manatee-grass (Syringodium filiforme), 
star-grass (Halophila engelmannii), and paddle-
grass (Halophila decipiens), and various marine 
algae. Widgeon-grass (Ruppia maritima) is found 
in areas of brackish water. Natural estuarine 
shorelines are characterized by mangrove forest. 
Saltmarsh grass communities, dominated by 
smooth cordgrass (Spartina alterniflora) and 
needlerush (Juncus roemerianus), occur in only 
a few areas, such as in the upper Manatee and 
Little Manatee rivers and in several man-made 
mitigation sites (McKay Bay, Port Manatee, 
and E. G. Simmons Park). Many undeveloped 
areas under state or federal management were 
part of the study area, including the Egmont 
Key, Passage Key, and Pinellas national wildlife 
refuges; the Egmont Key, Little Manatee River, 
Alafia River, Hillsborough River, Honeymoon 
Island, and Caladesi Island state parks; the Boca 
Ciega Bay, Pinellas, Cockroach Bay, and Terra 
Ceia state aquatic preserves; the Cockroach Bay 
and Terra Ceia state buffer preserves, and the 
Tampa Bay National Estuary.
The study area was divided into 21 zones (Map 
2; Reynolds et al., 1991; Weigle et al., 1991; 
Wright et al., 2002). These zones were combined 
into seven larger zones with similar geographic 
characteristics:
Original   Combined 
Zone        Zone      Description
OTB        NW      Old Tampa Bay,
MCD        NW      MacDill Air Force Base,
HIL        NE      Hillsborough Bay, including
                   TECO H. L. Culbreath
                                         Bayside power plant,
BIG        NE       Big Bend, including TECO
                                              Big Bend power plant,
CRB        EC      Cockroach Bay,
LMR        EC      Little Manatee River,
PTM        EC      Port Manatee,
TCB        SE                  Terra Ceia Bay,
MTR        SE                  Manatee River,
BRR        SE                  Braden River,
AME        SW      Anna Maria Island, east,
AMW        SW      Anna Maria Island, west,
PAK        WI      Passage Key,
EGM        WI      Egmont Key,
MKW        WI      Mullet Key, west,
MKS        WI      Mullet Key, south,
BCB        WI      Boca Ciega Bay,
PAG        WI      Pass-a-Grille,
JHP        WI      Johns Pass,
SSP        WC      South St. Petersburg, and
NSP        WC      North St. Petersburg,
                                         including Progress Energy
                                         Bartow power plant.
Aerial Survey Protocols
Aerial surveys of the Tampa Bay area (n = 88 
surveys; Map 1) were conducted twice per 
month from November 1987 to May 1994 (Table 
1; Reynolds et al., 1991; Wright et al., 2002). A 
second series of surveys (n = 33 surveys) was 
conducted from January 1995 to June 1997 (Table 
2). Gaps in surveys occurred from November 
1992 to March 1993 and from June 1994 to 
December 1994 because of funding and logistical 
problems.
Surveys were made twice per month in the cold 
season (December–February). In the warm 
season (March–November), surveys were 
made twice per month from November 1987 to 
November 1989, then once per month thereafter. 
Surveys were occasionally missed in some 
months because of logistical problems or bad 
weather (Tables 1, 2). The survey on May 28, 
1991, was aborted midway because of bad 
weather and completed on May 29; the data were 
combined.
Survey procedures were as described in Chapter 
2. Surveys began and ended at the Albert 
Whitted Airport in downtown St. Petersburg. A 
standardized route was followed on each survey 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Tampa Bay, Florida (Pinellas, 
Hillsborough, and Manatee counties; n = 121 surveys) from November 1987 to June 1997 (FTTB data set).
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Map 2  Twenty-one zones used in spatial analysis of aerial surveys of manatee distribution conducted from November 
1987 to June 1997 in Tampa Bay, Florida (Pinellas, Hillsborough, and Manatee counties). Hatched area was not surveyed.
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Florida Manatee Distribution 1984–2004 Edwards & Ackerman
134 FWRI Technical Report TR-00
Tampa Bay
Manatees %
Date Adults Calves Total Calves Quarter
13 Nov 87 54 6 60 10.0 Fall
28 Nov 87 63 8 71 11.3 Fall
18 Dec 87 44 3 47 6.4 Winter
31 Dec 87 35 3 38 7.9 Winter
18 Jan 88 48 4 52 7.7 Winter
29 Jan 88 34 8 42 19.0 Winter
15 Feb 88 25 3 28 10.7 Winter
29 Feb 88 76 12 88 13.6 Winter
14 Mar 88 43 4 47 8.5 Spring
25 Mar 88 71 3 74 4.1 Spring
06 Apr 88 60 6 66 9.1 Spring
18 Apr 88 55 2 57 3.5 Spring
05 May 88 63 3 66 4.5 Spring
17 May 88 64 9 73 12.3 Spring
07 Jun 88 29 4 33 12.1 Summer
20 Jun 88 59 7 66 10.6 Summer
12 Jul 88 40 3 43 7.0 Summer
22 Jul 88 41 2 43 4.7 Summer
04 Aug 88 21 5 26 19.2 Summer
23 Aug 88 30 4 34 11.8 Summer
19 Sep 88 32 3 35 8.6 Fall
30 Sep 88 40 3 43 7.0 Fall
26 Oct 88 36 2 38 5.3 Fall
16 Nov 88 55 4 59 6.8 Fall
09 Dec 88 66 4 70 5.7 Winter
20 Dec 88 48 8 56 14.3 Winter
11 Jan 89 60 3 63 4.8 Winter
26 Jan 89 29 2 31 6.5 Winter
11 Feb 89 74 7 81 8.6 Winter
25 Feb 89 46 5 51 9.8 Winter
28 Mar 89 39 4 43 9.3 Spring
26 Apr 89 24 2 26 7.7 Spring
24 May 89 44 2 46 4.3 Spring
20 Jun 89 16 1 17 5.9 Summer
20 Jul 89 16 1 17 5.9 Summer
25 Aug 89 24 4 28 14.3 Summer
29 Sep 89 26 4 30 13.3 Fall
27 Oct 89 27 4 31 12.9 Fall
29 Dec 89 84 5 89 5.6 Winter
10 Jan 90 64 6 70 8.6 Winter
09 Feb 90 65 6 71 8.5 Winter
02 Mar 90 58 5 63 7.9 Spring
18 Apr 90 68 6 74 8.1 Spring
11 May 90 33 2 35 5.7 Spring
22 Jun 90 24 1 25 4.0 Summer
26 Jul 90 49 5 54 9.3 Summer
08 Aug 90 13 2 15 13.3 Summer
21 Sep 90 44 5 49 10.2 Fall
29 Oct 90 61 2 63 3.2 Fall
03 Dec 90 37 3 40 7.5 Winter
17 Dec 90 95 6 101 5.9 Winter
11 Jan 91 36 1 37 2.7 Winter
24 Jan 91 108 3 111 2.7 Winter
18 Feb 91 92 12 104 11.5 Winter
22 Feb 91 48 3 51 5.9 Winter
22 Mar 91 87 7 94 7.4 Spring
30 Apr 91 48 3 51 5.9 Spring
28–29 May 91 46 5 51 9.8 Spring
27 Jun 91 32 2 34 5.9 Summer
05 Aug 91 39 5 44 11.4 Summer
23 Sep 91 21 1 22 4.5 Fall
14 Oct 91 47 4 51 7.8 Fall
27 Nov 91 127 15 142 10.6 Fall
13 Dec 91 97 11 108 10.2 Winter
23 Dec 91 105 15 120 12.5 Winter
18 Jan 92 113 13 126 10.3 Winter
24 Feb 92 98 9 107 8.4 Winter
27 Mar 92 119 10 129 7.8 Spring
24 Apr 92 71 4 75 5.3 Spring
28 May 92 43 2 45 4.4 Spring
17 Jun 92 45 7 52 13.5 Summer
31 Aug 92 31 5 36 13.9 Summer
28 Sep 92 49 3 52 5.8 Fall
28 Oct 92 47 4 51 7.8 Fall
26 Apr 93 79 3 82 3.7 Spring
03 Jun 93 75 6 81 7.4 Summer
24 Jul 93 37 3 40 7.5 Summer
21 Aug 93 27 0 27 0.0 Summer
25 Sep 93 33 4 37 10.8 Fall
25 Oct 93 34 3 37 8.1 Fall
29 Nov 93 60 4 64 6.2 Fall
17 Dec 93 90 6 96 6.2 Winter
29 Dec 93 163 8 171 4.7 Winter
24 Jan 94 176 14 190 7.4 Winter
26 Feb 94 47 9 56 16.1 Winter
17 Mar 94 67 9 76 11.8 Spring
28 Apr 94 36 2 38 5.3 Spring
27 May 94 96 6 102 5.9 Spring
Total 4,921 437 5,358 8.
n = 1,958 groups
Table 1 Summary of aerial survey dates (n = 88 surveys) and manatee counts, November 1987 to May 1994, Tampa Bay,
Florida (AMTB data set).
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Date Adults Calves Total Calves Qua ter
13 Nov 87 54 6 60 10.0 Fall
28 Nov 87 63 8 71 11.3 Fall
18 Dec 87 44 3 47 6.4 Winter
31 Dec 87 35 3 38 7.9 Winter
18 Jan 88 48 4 52 7.7 Winter
29 Jan 88 34 8 42 19.0 Winter
15 Feb 88 25 3 28 10.7 Winter
29 Feb 88 76 12 88 13.6 Winter
14 Mar 88 43 4 47 8.5 Spring
25 Mar 88 71 3 74 4.1 Spring
06 Apr 88 60 6 66 9.1 Spring
18 Apr 88 55 2 57 3.5 Spring
05 May 88 63 3 66 4.5 Spring
17 May 88 64 9 73 12.3 Spring
07 Jun 88 29 4 33 2.1 Su mer
20 Jun 88 59 7 66 10.6 Su mer
12 Jul 88 40 3 43 7.0 Su mer
22 Jul 88 41 2 43 4.7 Su mer
04 Aug 88 21 5 26 19.2 Su mer
23 Aug 88 30 4 34 11.8 Su mer
19 Sep 88 32 3 35 8.6 Fall
30 Sep 88 40 3 43 7.0 Fall
26 Oct 88 36 2 38 5.3 Fall
16 Nov 88 55 4 59 6.8 Fall
09 Dec 88 66 4 70 5.7 Winter
20 Dec 88 48 8 56 14.3 Winter
11 Jan 89 60 3 63 4.8 Winter
26 Jan 89 29 2 31 6.5 Winter
11 Feb 89 74 7 81 8.6 Winter
25 Feb 89 46 5 51 9.8 Winter
28 Mar 89 39 4 43 9.3 Spring
26 Apr 89 24 2 26 7.7 Spring
24 May 89 44 2 46 4.3 Spring
20 Jun 89 16 1 17 5.9 Su mer
20 Jul 89 16 1 17 5.9 Su mer
25 Aug 89 24 4 28 14.3 Su mer
29 Sep 89 26 4 30 13.3 Fall
27 Oct 89 27 4 31 12.9 Fall
29 Dec 89 84 5 89 5.6 Winter
10 Jan 90 64 6 70 8.6 Winter
09 Feb 90 65 6 71 8.5 Winter
02 Mar 90 58 5 63 7.9 Spring
18 Apr 90 68 6 74 8.1 Spring
11 May 90 33 2 35 5.7 Spring
22 Jun 90 24 1 25 4.0 Su mer
26 Jul 90 49 5 54 9.3 Su mer
08 Aug 90 13 2 15 13.3 Su mer
21 Sep 90 44 5 49 10.2 Fall
29 Oct 90 61 2 63 3.2 Fall
03 Dec 90 37 3 40 7.5 Winter
17 Dec 90 95 6 101 5.9 Winter
11 Jan 91 36 1 37 2.7 Winter
24 Jan 91 108 3 111 2.7 Winter
18 Feb 91 92 12 104 11.5 Winter
22 Feb 91 48 3 51 5.9 Winter
22 Mar 91 87 7 94 7.4 Spring
30 Apr 91 48 3 51 5.9 Spring
28–29 May 91 46 5 51 9.8 Spring
27 Jun 91 32 2 34 5.9 Su mer
05 Aug 91 39 5 44 11.4 Su mer
23 Sep 91 21 1 22 4.5 Fall
14 Oct 91 47 4 51 7.8 Fall
27 Nov 91 127 15 142 10.6 Fall
13 Dec 91 97 11 108 10.2 Winter
23 Dec 91 105 15 120 12.5 Winter
18 Jan 92 113 13 126 10.3 Winter
24 Feb 92 98 9 107 8.4 Winter
27 Mar 92 119 10 129 7.8 Spring
24 Apr 92 71 4 75 5.3 Spring
28 May 92 43 2 45 4.4 Spring
17 Jun 92 45 7 52 13.5 Su mer
31 Aug 92 31 5 36 13.9 Su mer
28 Sep 92 49 3 52 5.8 Fall
28 Oct 92 47 4 51 7.8 Fall
26 Apr 93 79 3 82 3.7 Spring
03 Jun 93 75 6 81 7.4 Su mer
24 Jul 93 37 3 40 7.5 Su mer
21 Aug 93 27 0 27 0.0 Su mer
25 Sep 93 33 4 37 10.8 Fall
25 Oct 93 34 3 37 8.1 Fall
29 Nov 93 60 4 64 6.2 Fall
17 Dec 93 90 6 96 6.2 Winter
29 Dec 93 163 8 171 4.7 Winter
24 Jan 94 176 14 190 7.4 Winter
26 Feb 94 47 9 56 6.1 Winter
17 Mar 94 67 9 76 11.8 Spring
28 Apr 94 36 2 38 5.3 Spring
27 May 94 96 6 102 5.9 Spring
Total 4,921 437 5,358 8.
n = 1,958 groups
Table 1 Summary of aerial survey dates (n = 88 surveys) and m natee counts, November 1987 to May 1994, Tamp  Bay,
Florida (AMTB data set).
M natees %
Date Adults Calves Total Calves Qua ter
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and was kept mostly constant through time. 
A few changes were made over the course of 
the study. Areas added through time included 
the upper Little Manatee River and the Palm 
River. Time of day and direction of the survey 
remained constant. Seven experienced primary 
observers (Weigle, Wright, Ackerman, Reynolds, 
Szelistowski, Houhoulis, and P. Boland) 
and many pilots and secondary observers 
participated over the years. Surveys were 
conducted in two Cessna 172 high-wing aircraft, 
which simultaneously covered inshore areas on 
opposite sides of Tampa Bay. One covered the 
west side of the bay in an average of 3.0 hrs, and 
the other covered the east and south sides in an 
average of 4.5 hrs. Surveys were conducted at an 
altitude of approximately 150 m at airspeeds of 
140–160 km/hr. The primary observer occupied 
the right front seat, and a secondary observer, if 
present, sat in the right rear seat.
The aerial surveys were conducted from the 
shoreline to approximately 1 km offshore over 
water ranging in depth from 0.5 m to 3 m deep. 
Transects 0.8 km apart were used on wide 
seagrass beds in Boca Ciega Bay and Anna Maria 
Sound. Seagrass beds and shallow waters out to 
3 m deep were surveyed thoroughly. The deeper 
waters of Tampa Bay were not surveyed because 
of the limited visibility into the water column, 
which made sightings in these areas unlikely, 
and because previous aerial studies showed that 
manatees predominantly used only the shallow 
perimeters of large water bodies (Irvine and 
Campbell, 1978; Hartman, 1979). Subsequent 
telemetry studies also showed that manatees did 
not frequent the deeper waters of Tampa Bay 
(Weigle et al., 2001). 
High-density manatee concentrations, such as 
those at the Progress Energy Bartow, TECO Big 
Bend, and TECO H. L. Culbreath Bayside power 
plants, were surveyed intensively using the 
“intensive-area” method of Packard (1985a). Each 
small area was circled clockwise at least twice 
before the plane moved on to the next. Although 
this technique took more time, it ensured a 
higher probability of detecting manatees that 
were present because manatees on the bottom 
would have more time to rise for a breath while 
the aircraft was passing over. Low-density 
areas were surveyed less intensively by using 
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Table 2  Summary of aerial survey dates (n = 33 surveys) and manatee counts, January 1995 to June 1997, Tampa Bay, Florida 
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Table 2 Su ary of aerial survey dates (n = 33 surveys) and manatee counts, January 1995 to June 1997,Tampa Bay, Florida 
(  t  set). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
19 Jan 95 79 7 86 8.1 Winter 	   17 Apr 96 83 6 89 6.7 Spring 
22 Jan 95 90 4 94 4.3 Winter 	   05 Jun 96 87 3 90 3.3 Summer 
07 Feb 95 100 5 105 4.8 Winter 	   09 Jul 96 32 1 33 3.0 Summer 
27 Feb 95 117 8 125 6.4 Winter 	   27 Aug 96 46 8 54 14.8 Summer 
24 Mar 95 54 2 56 3.6 Spring 	   24 Sep 96 97 8 105 7.6 Fall 
21 Apr 95 50 3 53 5.7 Spring 	   23 Oct 96 111 9 120 7.5 Fall 
26 May 95 60 4 64 6.2 Spring 	   04 Dec 96 161 13 174 7.5 Winter 
20 Jun 95 72 3 75 4.0 Summer 	   17 Dec 96 112 14 126 11.1 Winter 
14 Jul 95 72 3 75 4.0 Summer 	   20 Jan 97 153 13 166 7.8 Winter 
21 Aug 95 69 6 75 8.0 Summer 	   31 Jan 97 94 5 99 5.1 Winter 
21 Sep 95 71 6 76 7.8 Fall 	   13 Feb 97 133 6 139 4.3 Winter 
24 Oct 95 63 3 66 4.5 Fall 	   27 Mar 97 96 5 101 5.0 Spring 
16 Nov 95 128 11 139 7.9 Fall 	   09 Apr 97 69 5 74 6.8 Spring 
28 Dec 95 106 5 111 4.5 Winter 	   19 May 97 62 4 66 6.1 Spring 
10 Jan 96 69 1 70 1.4 Winter 	   26 Jun 97 71 4 75 5.3 Summer 
07 Feb 96 101 6 107 5.6 Winter 	   	   	   	   	   	   	   	   	  
19 Feb 96 123 13 136 9.6 Winter Total 2,947 209   3,156 6.6 
25  Mar  96 117 15 132 11.4 Spring n = 1,113 groups 
 
 
 
(Zones, continued from page 131) 
PAK          WI Passage Key, 
EGM        WI Egmont Key, 
MKW       WI Mullet Key, west, 
MKS        WI Mullet Key, south, 
BCB         WI Boca Ciega Bay, 
PAG        WI Pass-a-Grille, 
JHP WI Johns Pass, 
SSP WC south St. Petersburg, and 
NSP         WC north St. Petersburg, including 
Progress Energy Bartow power 
plant. 
Aerial Survey Protocols 
 
Aerial surveys of the Tampa Bay area (n = 88 surveys; 
Map 1) were conducted twice per month from No- 
vember 1987 to May 1994 (Table 1; Reynolds et al., 1991; 
Wright et al., 2002). A second series of surveys (n = 33 
surveys) was conducted from January 1995 to June 1997 
(Table 2). Gaps in surveys occurred fr m Nov mber 1992 
to Marc  1993 and from June 1994 t  December 1994 be- 
cause of funding and logistical problems. 
Surveys were made twice per month in the cold 
season (December–February). In the wa m season 
(March–November), surveys were made twice per 
month from November 1987 to November 1989, then 
once per month thereafter. Surveys were occasionally 
missed in some months because of logistical prob- 
lems or bad weather (Tables 1, 2). The survey on May 
28, 1991, was aborted midway because of bad weather 
and completed on May 29; the data were combined. 
Survey procedures were as described in Chapter 2. 
Surveys began and ended at the Albert Whitted Airport 
in downtown St. Petersburg. A standardized route was 
followed on e ch survey and was kept mostly co stant 
through time. A f w changes were made over the c urse 
of the study. Areas added through time included the 
upper Little Manatee River and the Palm River.Time of 
day and direction of the survey remained constant. 
Seven experienced primary observers (Weigle, Wright, 
Ackerman, Reynolds, Szelistowski, Houhoulis, and P. 
Boland) and many pilots and seconda y bservers par- 
ticipated over the years. Surveys were conducted in 
two Cessna 172 high-wing aircraft, which simultane- 
ously covered inshore areas on opposite sides of Tampa 
Bay. On  cover d the w t side of the bay in an aver- 
age of 3.0 hrs, and the other covered the east and south 
sides in an average of 4.5 hrs. Surveys were conducted 
at an altitude of approximately 150 m at airspeeds of 
140–160 km/hr. The primary observer occupied the 
right front seat, and a secondary observer, if present, sat 
in the right rear seat. 
The aerial surv ys were c nducted from the shore-
line to approximately 1 km offshore over water rang- 
ing in depth from 0.5 m to 3 m deep. Transects 0.8 km 
apart were used on wide seagrass beds in Boca Ciega 
Bay and Anna Maria Sound. Seagrass beds and shal- 
low waters out to 3 m deep were surveyed thoroughly. 
The deeper waters of Tampa Bay were ot surveyed be- 
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   %	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   Adults	   Calves	   Total	   Calves	  Qua ter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Qua ter	  
19 Jan 95 79 7 86 8.1 Winter 	   17 Apr 96 83 6 89 6.7 Spring 
22 Jan 95 90 4 94 4.3 Winter 	   05 Jun 96 87 3 90 3.3 Summer 
07 Feb 95 100 5 105 4.8 Winter 	   09 Jul 96 32 1 33 3.0 Summer 
27 Feb 95 117 8 125 6.4 Winter 	   27 Aug 96 46 8 54 14.8 Summer 
24 Mar 95 54 2 56 3.6 Spring 	   24 Sep 96 97 8 105 7.6 Fall 
21 Apr 95 50 3 53 5.7 Spring 	   23 Oct 96 111 9 120 7.5 Fall 
26 May 95 60 4 64 6.2 Spring 	   04 Dec 96 161 13 174 7.5 Winter 
20 Jun 95 72 3 75 4.0 Summer 	   17 Dec 96 112 14 126 1.1 Winter 
14 Jul 95 72 3 75 4.0 Summer 	   20 Jan 97 153 13 166 7.8 Winter 
21 Aug 95 69 6 75 8.0 Summer 	   31 Jan 97 94 5 99 5.1 Winter 
21 Sep 95 71 6 76 7.8 Fall 	   13 Feb 97 133 6 139 4.3 Winter 
24 Oct 95 63 3 66 4.5 Fall 	   27 Mar 97 96 5 101 5.0 Spring 
16 Nov 95 128 11 139 7.9 Fall 	   09 Apr 97 69 5 74 6.8 Spring 
28 Dec 95 106 5 111 4.5 Winter 	   19 May 97 62 4 66 6.1 Spring 
10 Jan 96 69 1 70 1.4 Winter 	   26 Jun 97 71 4 75 5.3 Summer 
07 Feb 96 101 6 107 5.6 Winter 	   	   	   	   	   	   	   	   	  
19 Feb 96 123 13 136 9.6 Winter Total 2,947 209   3,156 6.6 
25  Mar  96 117 15 132 11.4 Spring n = ,113 groups 
 
 
 
(Zones, co tinued from page 131) 
PAK      WI P ssage Key, 
EGM      WI Egmont Key, 
MKW      WI Mullet Key, west, 
MKS      WI Mullet Key, south, 
CB      WI Boca Cieg  Bay, 
PAG      WI Pass-a-Grille, 
JHP I Johns Pass, 
SSP WC south St. Petersburg, and 
NSP      WC north St. Petersburg, including 
Progress Energy Bartow power 
plant. 
Aerial Survey Prot ls 
 
Aerial surveys of the Tamp  B y rea (n = 88 surveys; 
Map 1) were conducted twice per month from No- 
vember 1987 to May 1994 (Table 1; Reynolds et al., 1991; 
Wright et al., 2002). A second s ries of surveys (n = 33 
surveys) was conducted from January 1995 to June 1997 
(Table 2). Gaps in surveys occu red from November 1992
to March 1993 and from June 1994 to December 1994 be- 
cause of funding and logistical problems. 
Surveys were made twic  per month in the cold 
se son (December–F bruary). In the warm season 
(March–November), surveys were made twice per 
month from November 1987 to November 1989, then 
onc  per mon  thereafter. Surveys were occasionally 
missed in some months because of logistical prob- 
lems or bad weather (Tables 1, 2). The survey on May 
28, 1991, w s aborted midway because of bad weather 
and completed on May 29; the data were combined. 
Survey procedures were as described in Chapter 2. 
Surveys beg  and ended at the Albert Whitted Airport 
in downtown St. Petersburg. A standardized route was 
f llowed on each survey and was k pt mo tly constant
through time. A few changes were made over the course 
of the study. Are s ad ed through time inclu ed the 
upper Little Manatee River and the Palm River.Time of 
day an  direction of the survey remained constant. 
Sev n exp rienced primary obs rvers (Weigle, Wright, 
Ackerman, Reynolds, Szelistowski, Houhoulis, and P. 
B land) and many pilots and secondary obs rvers par- 
ticipated over the years. Surveys were conducted in 
two Cessna 172 igh-wing aircraft, w ich simultane- 
ously covered inshore reas n opposite sides of Tampa 
Bay. One covered the west side of the bay i  an aver- 
age of 3.0 hrs, and the other covered the east and south 
sides i  n average of 4.5 hrs. Surveys were conducted 
t an altitude of approximately 150 m t airspeeds of 
140–160 km/hr. The primary observer occupied the 
right front se t, and a secondary obs ver, if present, sat 
in the rig t ear seat. 
Th  aerial surveys were conducted from th  shore- 
line to approximately 1 km offshore over water rang- 
ing in depth from 0.5 m to 3 m deep. Transects 0.8 km 
apart were used on wid  seagrass beds in Boca Ciega 
B y and Anna M ria Sound. Seagrass beds and shal- 
lo  waters out to 3 m deep were surveyed thoroughly. 
Th  deep r waters of Tamp  Bay w re not surveyed be- 
t            Adults  C l s  T t l   l s   Quarter
Ma s
t            Adults  Calv   ot l   l s   Quarter
Man s %
the “extended-area” method, (Packard, 1985a). 
Only one pass was made over each area, which 
reduced the probability of seeing manatees but 
allowed a larger area to be sampled.
Data were recorded onto photocopies of National 
Oceanic and Atmospheric Administration 
(NOAA) navigation charts (1:40,000). Weather 
data (daily high and low air temperatures, °C 
or °F ) were obtained from Tampa International 
Airport (NOAA, 1987–97) and recorded on the 
data sheet. Results of the survey were entered 
into the FWC–FWRI’s Marine Resources 
Geographic Information System (MRGIS) for 
spatial analysis (FWC, 2000), http://ocean.
floridamarine.org/mrgis/Description_Layers_
Marine.htm#marmam.
Data Analysis
Data from the long-term aerial surveys were used 
to assess trends in counts of manatees in Tampa 
Bay. Exponential regression was used to test for 
significant trends in total counts (ln transformed) 
and percentage of calves (arcsine square-root 
transformed; Proc GLM, SAS, 1990) (Wright et 
al., 2002) in the cold (December–February) and 
warm (March-November) seasons. March and 
November were transition months and had 
occasional high counts, similar to winter counts, 
so they were omitted from analyses of trends in 
the warm season. The effects of environmental 
variables on the number of manatees counted 
were analyzed using stepwise multiple 
regression on the data (Proc GLM, SAS, 1990; 
Wright et al., 2002).
Spatial Distribution by Zones
We also assessed the seasonal patterns in counts 
of manatees in the geographic zones surveyed. 
A chi-square test was used to examine the 
distributions of manatees in the combined zones 
in two seasons and in four quarters (SAS, 1990) to 
determine whether manatee distribution varied 
seasonally.
Results
Abundance
A total of 8,514 manatees were seen during 
121 surveys from November 1987 to June 1997 
(Tables 1, 2; Figure 1). A mean of 70.4 manatees 
per survey was seen (Table 3). The number of 
calves totaled 646 (x¯ = 5.3, SD = 3.5, range 0–15). 
The highest count was made on January 24, 1994, 
when 190 (176 adults and 14 calves) manatees 
were observed; the lowest count was 15 manatees 
on August 8, 1990. Higher counts occurred in 
subsequent years; the highest count of 368 was 
on January 28, 2003 (FWC–FWRI, unpublished 
synoptic survey data). The highest counts 
each winter in the Tampa Bay area increased 
significantly (9.3%/yr) (exponential regression, 
r2 = 0.87, P = 0.001) from 1973 to 2003. Winter 
studies prior to 1987 varied in methodology and 
intensity, so this trend may be overestimated 
(Hartman, 1979; Patton, 1980; Weigle, 1983; 
Reynolds, 1987; Weigle et al., 1988).
Average group size during the study was 2.8 
manatees (n = 3,070 groups, SD = 4.63, median 
= 2, 95th percentile = 8, max = 110 manatees). 
Group sizes were highly skewed and were larger 
in the cold season (median = 1, range 1–110 
animals), when most manatees were aggregated 
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Figure 1  Number of manatees observed per survey (n = 121 
surveys, year-round) by month, November 1987 to June 1997, 
Pinellas, Hillsborough, and Manatee counties, Tampa Bay, 
Florida (AMTB and AMTB97 data sets).
at warm-water sites. The most common group 
size was 1 animal in both cold and warm seasons. 
The maximum group size recorded was 110 
animals in one very large cluster at the Big Bend 
power plant in the cold season.
Counts were significantly higher (ANOVA, r2 =
0.17, F = 25.20, df = 1,119, P < 0.0001; Table 3) in 
the cold season (n = 42 surveys, x¯ = 91.3, SD = 
41.2, range 28–190) than in the warm season (n = 
79 surveys, x¯ = 59.3, SD = 28.4, range 15–142).
Seasonal counts were further examined by 
dividing the year into four quarters (n = 23–42 
surveys per quarter; Table 3). The number of 
manatees observed per survey was highest in 
winter (December–February, x¯ = 91.3, SD = 41.2, 
range 28–190), followed by spring (March–May, 
x¯ = 68.3, SD = 25.3, range 26–132), fall 
(September–November, x¯ = 62.7, SD = 33.6, range 
22–142), and lowest in summer (June–August, x¯ = 
45.8, SD = 21.9, range 15–90). Winter counts were 
significantly higher than those in the other three 
quarters (ANOVA, r2 = 0.22, F = 11.05, df = 3,117, 
P < 0.0001).
The monthly mean was highest in December. 
Counts declined from a high of 96.2 to a low of 
37.7 in February and then gradually increased 
during the rest of the year.
Trends in Counts, 1987-1997
WINTER SEASON
From 1987 to 1997, the count of manatees in 
Tampa Bay during the winter months increased 
significantly (Figure 1; exponential regression, 
rate of increase 11.4%/yr, SE = 3.9%, F = 37.6, df 
= 1,40, r2 = 0.48, P < 0.0001). The mean count of 
manatees during the winter surveys rose from 54 
in 1987–88 to 135 in 1996–97.
WARM SEASON
Warm-season counts also increased but at a 
slower rate (8.4%/yr, SE = 3.7%, F = 21.9, df = 
1,61, r2 = 0.26, P < 0.001, March and November 
omitted). The highest count from April through 
October was 120 manatees on October 23, 1996. 
YEAR–ROUND
The year-round counts increased significantly, 
intermediately between the two seasons (9.0%/
yr, SE = 3.0%, F = 46.4, df = 1,119, r2 = 0.25, P < 
0.001).
EFFECT OF WEATHER ON COUNTS
The effects of temperatures and other 
environmental factors on counts obtained from 
1987 to 1994 were assessed previously using 
stepwise multiple regression (Wright et al., 
2002). Counts were related to low and high 
daily air temperatures, when adjusted for year 
effects. Counts were highest in winter, when 
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Bend power plant in the cold season.
Counts were significantly higher (ANOVA, r2 =
0.17, F = 25.20, df = 1,119, P < 0.001; Table 3) in the cold
season (n = 42 sur eys, x¯ = 91.3, SD = 41.2, range 28–190)
than in the warm season (n = 63 surveys, x¯ = 59.3, SD
= 28.4, range 15–142).
Seasonal counts were further examined by divid-
ing the year into four quarters (n = 23–42 surveys per
quarter; Table 3).The number of manatees observed per
survey was highest in winter (December–February, x¯
= 91.3, SD = 41.2, range 28–190), followed by spring
(March–May, x¯ = 68.3, SD = 25.3, range 26–132), fall
(September–November, x¯ = 62.7, SD = 33.6, range
22–142), and lowest in summer (June–August, x¯ = 45.8,
SD = 21.9, range 15–90).Winter counts were significantly
higher than those in the other three quarters (ANOVA,
r2 = 0.22, F = 11.05, df = 3,117, P < 0.001).
The monthly mean was highest in December.
Counts declined from a high of 96.2 to a low of 37.7 in
February and then gradually increased during the rest
of the year.
Trends in Counts, 1987–1997
WINTER SEASON
From 1987 to 1997, the count of manatees in Tampa Bay
during the winter months increased significantly (Fig-
ure 1; exponential regression, rate of increase 11.4%/yr,
SE = 3.9%, F = 37.6, df = 1,40, r2 = 0.48, P < 0.0001). The
mea  count of manatees during the winter surveys
rose from 54 in 1987–88 to 135 in 1996–97.
WARM SEASON
Warm-season counts also increased but at a slower rate
(8.4%/yr, SE = 3.7%, F = 21.9, df = 1,61, r2 = 0.26, P < 0.001,
March and November omitted). The highest count
from April through October was 120 manatees on Oc-
tober 23, 1996.
YEAR–ROUND
The y ar-round counts increased significantly, inter-
mediately between the two seasons (9.0%/yr, SE =
3.0%, F = 46.4, df = 1,119, r2 = 0.25, P < 0.001).
EFFECT OF WEATHER ON COUNTS
The effects of temperatures and other environmental
factors on counts obtained from 1987 to 1994 were as-
sessed previously using stepwise multiple regression
(Wright et al., 2002). Counts were related to low and
high daily air temperatures, when adjusted for year ef-
fects. Counts were highest in winter, when tempera-
tures wer  lower. It appears that counts in the zone
around the Big Bend powerplant were most affected
by temperature and were highest when the daily air
temperature was lowest.Wind speed, cloud cover, and
water clarity also affec ed the counts. However, in a
more recent study not included here, Edwards et al.
(2007) found that when daily air temperatures were
lowest (below 15°C daily average air temperature),
counts decreased. Under those conditions, most man-
atees ar  bottom-resting and are difficult for observers
to detect.Therefore, these counts are assumed to be un-
derestimates.
PERCENTAGE OF CALVES
The number of calves counted ranged from 0 to 15 per
survey; the ov rall percentage of calves seen was 7.8%
(n = 646, x¯ = 5.3 per survey).The percentages of calves
Table 3 Number of manatees observed in aerial survey counts (mean, minimum, maximum, SD, median, and analysis of
variance), by season (n = 121 surveys), November 1987 to June 1997, Tampa Bay, Florida. Mean counts that are not signif-
icantly different have the same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 121 70.4 15 190 36.6 64 – 7.8
Seasons
Cold (Dec.–Feb.) 42 91.3 28 190 41.2 91.5 A 7.9
Warm (Mar.–Nov.) 79 59.3 15 142 28.4 54 B 7.7
r2 = 0.17, F = 25.20, df = 1,119, P < 0.0001
Quarters
Winter (Dec.–Feb.) 42 91.3 28 190 41.2 91.5 A 7.9
Spring (Mar.–May) 30 68.3 26 132 25.3 66 B 6.8
Summer (Jun.–Aug.) 26 45.8 15 90 21.9 41.5 B 8.5
Fall (Sep.–Nov.) 23 62.7 22 142 33.6 52 B 8.1
r2 = 0.22, F = 11.05, df = 3,117, P < 0.0001
able 3  Number of manatees observed in aerial survey counts (mean, minimu , aximu , SD, median, and analysis of
variance), by season (n = 121 surveys), November 1987 to June 19 7, Tampa Bay, Florida. Mean counts that are not significantly 
different have the s me letter in the column titled Difference of Means.
temperatures were lower. It appears that counts 
in the zone around the Big Bend power plant 
were most affected by temperature and were 
highest when the daily air temperature was 
lowest. Wind speed, cloud cover, and water 
clarity also affected the counts. However, 
in a more recent study not included here, 
Edwards et al. (2007) found that when daily air 
temperatures were lowest (below 15°C daily 
average air temperature), counts decreased. 
Under those conditions, most manatees are 
bottom-resting and are difficult for observers to 
detect. Therefore, these counts are assumed to be 
underestimates.
PERCENTAGE OF CALVES
The number of calves counted ranged from 0 to 
15 per survey; the overall percentage of calves 
seen was 7.8% (n = 646, x¯ = 5.3 per survey). The 
percentages of calves seen per survey during the 
cold (n = 42 surveys, % calves = 7.9, SD = 3.6) 
and warm seasons (n = 79 surveys, % calves = 
7.7, SD = 3.4) were not significantly different (P 
= 0.74). The arcsine-transformed percentage of 
calves decreased slightly through time (linear 
regression, F = 2.80, df = 1,57, r2 = 0.05, P = 0.10).
The highest mean percentage of calves observed 
occurred in August (11.9%), and the lowest 
percentage occurred in July (5.9%). The highest 
mean number of calves per survey was in 
November (x¯ = 8.0%) and the lowest was in 
July (x¯ = 2.6%). The number of calves seen was 
higher in the cold months (P < 0.0001), but the 
percentage of calves seen per survey was highly 
variable and showed little seasonal pattern.
SPATIAL DISTRIBUTION BY SEASONS
Yearly, manatee distribution differed significantly 
between the seven combined Tampa Bay zones 
(χ², P < 0.001; Table 4). The quarterly distribution 
was also significantly different between the 
seven zones and four quarters (P < 0.001). In 
winter, 73% of the manatees were located in the 
vicinity of the two warm-water sources located 
in the Big Bend and North St. Petersburg zones. 
Together, these two zones included 70%–97% of 
the animals counted in the study area on winter 
surveys.
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  174
Table 4  Number of manatees observed in aerial surveys (n = 121 surveys), and percentage, by zone and quarter, November
1987 to June 1997, Tampa Bay, Florida.Twenty-one zones in the database were pooled to seven zones. Column percentages
are shown in parentheses.
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Table 4 Number of manatees observed in aerial surveys (n = 121 surveys), and percentage, by zone and quarter, Novem- 
ber 1987 to June 1997, Tampa Bay, Florida. Twenty-one zones in the database were pooled to seven zones. Column percent- 
ages are listed below the counts.
Quarter	  
Zone	   Code	   Winter	   Spring	   Summer	   Fall	   Total	  
Northeast NE 499 103 84 88 774 
45.8% 11.8% 14.6% 16.5% 25.2% 
East-Central EC 107 168 101 74 450 
9.8% 19.2% 17.6% 13.9% 14.7% 
Southeast SE 90 241 155 124 610 
8.3% 27.6% 27.0% 23.3% 19.9% 
Southwest SW 18 22 30 33 103 
1.7% 2.5% 5.2% 6.2% 3.4% 
Northwest NW 163 230 131 96 620 
15.0% 26.4% 22.8% 18.1% 20.2% 
West-Central WC 171 86 38 70 365 
15.7% 9.9% 6.6% 13.2% 11.9% 
West Islands WI 42 23 36 47 148 
3.9% 2.6% 6.3% 8.8% 4.8% 
Total 1,090 873 575 532 3,070 
(n = 3,070 groups containing 8,514 manatees, χ² = 564.0, df = 18, P < 0.001)
seen per survey during the cold (n = 42 surveys, % 
calves = 7.9, SD = 3.6) and warm seasons (n = 79 sur- 
veys, % calves = 7.7, SD = 3.4) were not signifi y dif- 
ferent (P = 0.74). The arcsine-transformed percentage
of calves decreased slightly through time (linear re- 
gression, F = 2.80, df = 1,57, r2 = 0.05, P = 0.10).
The highest mean percentage of calves observed 
occurred in August (11.9%), and the lowest percentage 
occurred in July (5.9%). The highest mean number of 
calves per survey was in November (x¯ = 8.0%) and the 
lowest was in July (x¯ = 2.6%).The number of calves seen 
was higher in the cold months (P < 0.001), but the per- 
centage of calves seen per survey was highly variable 
and showed little seasonal pattern. 
SPATIAL DISTRIBUTION BY SEASONS 
Yearly, manatee distribution differed significantly be- 
tween the seven combined Tampa Bay zones (⎟2, P <
0.001; Table 4).The quarterly distribution was also sig- 
ificantly diffe ent betwe n the s ven z nes and four 
quarters (P < 0.001). In winter, 73% of the manatees were
located in the vicinity of the two warm-water sources 
located in the Big Bend and North St. Petersburg zones. 
Together, these two zones included 70%–97% of the an- 
imals counted in the study area on winter surveys. 
Discussion	  
Spatial Distribution 
 
The Florida manatee was found in Tampa Bay during 
every month in which surveys were made. The distri- 
bution of manatees at warm-water sites around the bay 
area during the winter changes with water and air 
temperatures (Wright et al., 2002).
Winter distribution of manatees in the bay was 
centered around the TECO Big Bend power plant and 
the Progress Energy Bartow power plant (Map 3). In cold 
months, manatees were restricted by low water tem- 
peratures to the areas near three power plants (Weigle 
et al., 2001; FWC–FWRI, 2001–2003 unpublished teleme- 
try data). Of the 21 defined zones in Tampa Bay, counts 
in the three zones with power plants contained 72% of 
the manatees counted in the cold season. 
The TECO H. L. Culbreath Bayside and Progress 
Energy Bartow power plants appear to be used mostly 
in early and late winter or during warm periods dur- 
ing winter (Map 3; Reynolds et al., 1991; Wright et al., 
2002). On December 4, 1996, at the Progress Energy Bar- 
tow power plant, 68 manatees were observed, the most 
obser ed during this study. The highest count subse- 
quent to this study at t Bartow plant was 102 man- 
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Table 4 Number of manatees observed in aerial surveys (n = 121 surveys), and percentage, by zone and quarter, Novem- 
ber 1987 to June 1997, Tampa Bay, Florida. Twenty-one zones in the database were pooled to seven zones. Column percent- 
ages are listed below the counts.
Quarter	  
Zone	   Code	   Winter	   Spring	   Summer	   Fall	   Total	  
Northeast NE 499 103 84 88 774 
(45.8%) (11.8%) (14.6%) (16.5%) (25.2%)
East-Central EC 107 168 101 74 450 
(9.8%) (19.2%) (17.6%) (13.9%) (14.7%)
Southeast SE 90 241 155 124 610 
(8.3%) (27.6%) (27.0%) (23.3%) (19.9%)
Southwest SW 18 22 30 33 103 
(1.7%) (2.5%) (5.2%) (6.2%) (3.4%)
Northwest NW 163 230 131 96 620 
(15.0%) (26.4%) (22.8%) (18.1%) (20.2%)
West-Central WC 171 86 38 70 365 
(15.7%) (9.9%) (6.6%) (13.2%) (11.9%)
West Islands WI 42 23 36 47 148 
(3.9%) (2.6%) (6.3%) (8.8%) (4.8%)
Total 1,090 873 575 532 3,070 
(n = 3,070 groups containing 8,514 manatees, χ² = 564.0, df = 18, P < 0.001)
seen per survey during the cold (n = 42 surveys, % 
calves = 7.9, SD = 3.6) and warm seasons (n = 79 sur- 
veys, % calves = 7.7, SD = 3.4) were not signifi y dif- 
ferent (P = 0.74). Th  arcsine-transfo med percentage
of calves decreased slightly through time (linear re- 
gression, F = 2.80, df = 1,57, r2 = 0.05, P = 0.10).
The highest mean percentage of calves observed 
occurred in August (11.9%), and the lowest percentage 
occurred in July (5.9%). The highest mean number of 
calves per survey was in November (x¯ = 8.0%) and the 
lowest was in July (x¯ = 2.6%).The nu ber of calves seen 
was higher in the col  months (P < 0.001), but the per- 
centage of calves seen per survey was highly variable 
and showed little seasonal pattern. 
SPATIAL DISTRIBUTION BY SEASONS 
Yearly, manatee distribution differed significantly be- 
tween the seven combined Tampa Bay zones (⎟2, P <
0.001; Table 4).The quarterly distribution was also sig- 
nificantly different between the seven zones and four 
quarters (P < 0.001). In winter, 73% of the manatees were
located in the vicinity of the two warm-water sources 
located in the Big Bend and North St. Petersburg zones.
Together, these t o zones included 70%–97% of the an- 
imals counted in the study area on winter surveys. 
Discussion	  
Spatial istribution 
 
The Florida manatee was fou  in Tampa Bay during 
every month in which surveys were made. The distri- 
bution of manatees at warm-water sites around the bay 
area during the winter changes with water and air 
temperatures (Wright et al., 2002).
Winter distribution of manatees in the bay was 
centered around the TECO Big Bend power plant and 
the Progress Energy Bartow power plant (Map 3). In cold 
months, manatees were restricted by low water tem- 
peratures to the areas near three power plants (Weigle 
et al., 2001;FWC–FWRI, 2001–2003unpublished teleme- 
try data). Of the 21 defi ed zones in Tampa Bay, counts 
in the three zones with power plants contained 72% of 
the manatees counted in the cold season. 
The TECO H. L. Culbreath Bayside and Progress 
Energy Bartow power plants appear to be used mostly 
in early and late winter or during warm periods dur- 
ing win er (Map 3; Reynolds et al., 1991; Wright et al., 
2002). O  December 4, 1996, at t e Progress Energy Bar- 
tow power plant, 68 manatees were observed, the most 
observed during this study. The highest count subse- 
quent to this study at the Bartow plant was 102 man- 
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Map 3  Cold-season sightings of manatees during aerial surveys in Tampa Bay, Florida (Pinellas, Hillsborough, and Manatee 
counties; December–February; n = 42 surveys) from November 1987 to June 1997 (AMTB and AMTB97 data sets).
Discussion 
Spatial Distribution
The Florida manatee was found in Tampa Bay 
during every month in which surveys were 
made. The distribution of manatees at warm-
water sites around the bay area during the winter 
changes with water and air temperatures (Wright 
et al., 2002).
Winter distribution of manatees in the bay was 
centered around the TECO Big Bend power 
plant and the Progress Energy Bartow power 
plant (Map 3). In cold months, manatees were 
restricted by low water temperatures to the areas 
near three power plants (Weigle et al., 2001; 
FWC–FWRI, 2001–2003 unpublished telemetry 
data). Of the 21 defined zones in Tampa Bay, 
counts in the three zones with power plants 
contained 73% of the manatees counted in the 
cold season.
The TECO H. L. Culbreath Bayside and Progress 
Energy Bartow power plants appear to be used 
mostly in early and late winter or during warm 
periods during winter (Map 3; Reynolds et al., 
1991; Wright et al., 2002). On December 4, 1996, 
at the Progress Energy Bartow power plant, 68 
manatees were observed, the most observed 
during this study. The highest count subsequent 
to this study at the Bartow plant was 102 
manatees on February 25, 1999. In 2002, the 
Pinellas County Department of Environmental 
Management and the USFWS created a 
protection zone with slow speeds and a no-entry 
area for the north–south discharge channel 
and the surrounding seagrass beds. Before 
2002, manatees using the warm water outside 
the discharge canal at Bartow plant were not 
protected from disturbances. Anglers in boats 
frequently came to the same site in the early 
morning to fish for species that are also attracted 
to warm water. The anglers’ presence forced 
manatees to leave the warm water.
The TECO H. L. Culbreath Bayside power plant 
(Port Sutton) is a minor winter aggregation site 
for manatees in upper Tampa Bay. The maximum 
number of manatees observed was 16 during 
a winter aerial survey. This site is frequently 
disturbed by industrial barges and fishermen in 
the discharge canal. In 2002, the USFWS created a 
protection zone with slow speeds and a no-entry 
area for the small discharge canal and the east–
west canal.
The TECO Big Bend plant is most frequently 
used when water temperatures are lowest, 
probably because the warm water in the 
large discharge canal is less diluted by the 
cool adjacent waters than at the other plants 
(Reynolds et al., 1991) and the plant operates 
continuously in very cold weather. The largest 
increase in counts during this study occurred at 
the discharge area of the TECO Big Bend plant, 
probably because of the year-round, no-entry 
zone implemented there by the FWC in 1989.
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Manatees and boats both frequent shallow seagrass areas 
in bays and estuaries around Florida. © David Schrichte.
Manatees in the thermal discharge canal of TECO’s Big 
Bend power plant at Apollo Beach in winter. Manatee 
viewing center, upper left, and viewing dock, left.
The Gardinier Phosphate Company plant (now 
Cargill Incorporated) on the Alafia River was 
the major wintering area for manatees in Tampa 
Bay prior to 1986. In 1985, a high count of 60 
manatees was made at the plant during one 
aerial survey, but the use of this warm-water 
site greatly decreased since 1986 following a 
reduction of the effluent flow. This site no longer 
discharges warm water.
During warmer periods between the passage of 
cold fronts, manatees left the power plants to 
feed on nearby seagrass meadows (Weigle et al., 
2001; FWC–FWRI, unpublished telemetry data). 
Areas from Apollo Beach to the Little Manatee 
River (zones BIG, CRB) were used in late winter 
and spring because these areas offered seagrass 
beds near the warm-water refuge at the TECO 
Big Bend plant. Manatees returned to the power 
plants when temperatures dropped (Weigle et al., 
2001).
During the warm season, manatee counts declined 
at warm-water sites as animals dispersed 
throughout Tampa Bay and other areas. In warm 
months, manatees were distributed widely 
around the bay and up tributary rivers (Map 4). 
Highest counts occurred in the Old Tampa Bay, 
Big Bend, Terra Ceia Bay, North St. Petersburg, 
and Manatee River zones. Seventy-one percent 
of manatees counted in the warm season were in 
these zones.
Many of the animals that use the bay as a winter 
refuge migrate to other habitats north and south 
of Tampa Bay in summer, including Charlotte 
Harbor, Lee County, and the Everglades (Weigle 
et al., 2001; FWC–FWRI, unpublished telemetry 
data). Other animals arrive in Tampa Bay from 
the south in summer (Lefebvre and Frohlich, 
1986; FWC and Mote Marine Laboratory, 
unpublished telemetry data).
Manatees that use the bay during warm months 
disperse widely to habitats throughout the bay. 
Areas with medium to high use by manatees 
in warm months included McKay Bay, Apollo 
Beach near the TECO power plant, Simmons 
Park in Ruskin, the mouth of the Little Manatee 
River, Terra Ceia Bay and the adjoining lower 
Manatee River, the Braden River, Anna Maria 
Sound, Weedon Island, Safety Harbor, Rocky 
Point, and Culbreath Bayou (Map 4; Wright et al., 
2002).
Manatees are frequently seen drinking at a 
freshwater discharge in the western portion of 
Coffeepot Bayou in St. Petersburg. This area 
is currently regulated as an idle-speed zone 
for boating safety. Sulphur Springs, on the 
lower Hillsborough River in Tampa, is the only 
significant freshwater spring in that area. It 
often attracts manatees, which are seen traveling 
up and down the river. Manatees have been 
observed year-round at a sewage-treatment 
discharge pipe in the southeast corner of Terra 
Ceia Bay. Manatees drink from the pipe and feed 
on nearby seagrass beds. A few manatees have 
used the pipe as a warm-water source in winter.
The lower Little Manatee River, up to Hayes 
Bayou near Ruskin in Hillsborough County, 
has many manatee sightings. East of Interstate 
75, mother-and-calf pairs are frequently seen in 
the summer, and this area is believed to be an 
important calving area.
The Manatee River, at Bradenton in Manatee 
County, has had many manatee sightings along 
both shores, near the mouth, and in Warner 
Bayou. Telemetry data and other observations 
indicate some manatee use of the upper Manatee 
River, east of I-75, but this area was not surveyed 
by air. The Braden River, at Bradenton, also has 
had numerous manatee sightings.
Manatees have used the extensive seagrass beds 
in Anna Maria Sound. However, the area in the 
southeast near Perico Island has been used less in 
recent years, after several marinas were built in 
the area.
Trends and Patterns in Counts
Counts of manatees using Tampa Bay in the 
winter have increased steadily since 1987 (Wright 
et al., 2002) and probably since 1973 (Hartman, 
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Map 4  Warm-season sightings of manatees during aerial surveys in Tampa Bay, Florida (Pinellas, Hillsborough, and 
Manatee counties; March–November; n = 79 surveys) from November 1987 to June 1997 (AMTB and AMTB97 data sets).
1974; Patton, 1980; Weigle et al., 1988). Counts 
from 1973 to 1986 were made by a variety of 
observers using a variety of methods. These 
counts are presumed to be underestimates to 
various degrees, as are most aerial survey counts 
(Ackerman, 1995; Lefebvre et al., 1995). However, 
the highest winter aggregation count in a year 
seems to be the most accurate information 
available.
The increase in aerial counts during this study 
(year-round, 1987–97) was 9.6%/yr. The long-
term increase in highest counts each winter 
(1973–2003) was 9.3%/yr. Even higher counts 
were obtained after this study (maximum 
January 28, 2003; 368; FWC–FWRI, unpublished 
data). Therefore, it is probable that the counts 
correctly portray increasing trends in the 
number of manatees using Tampa Bay. The long-
term increase in counts probably reflects both 
immigration and population growth.
There are several possible reasons for this 
increase, including manatees migrating into 
Tampa Bay from other areas between and 
during winters, a reduction in visibility biases 
through time (Packard et al., 1985; Ackerman, 
1995; Lefebvre et al., 1995), improvements in 
survey methodology and observer skill, and 
possibly increases in the region-wide manatee 
population. Increased levels of protection at 
the TECO Big Bend power plant (Weigle et al., 
1988) and improved habitat in the bay may have 
contributed to the immigration of animals from 
other wintering areas. Individuals known to 
have previously wintered at Crystal River and 
Fort Myers have been observed frequently in 
Tampa Bay during the winters of recent years 
(Rathbun et al., 1990; FWC–FWRI, unpublished 
data). Observers may have also become better at 
selecting the optimal weather conditions for an 
aerial count. In recent years (1999–2003), as part 
of an additional aerial survey study (Edwards 
et al., 2007), many more winter surveys were 
conducted each year, thus increasing the probability 
of obtaining highly favorable weather conditions.
The high count of 368 on January 28, 2003, was 
12.2% of the synoptic aerial survey count on 
January 26–28, 2003 (B. Ackerman, FWC–FWRI, 
unpublished data), which indicates that Tampa 
Bay is an important part of Florida’s manatee 
habitat.
Counts were highly variable from survey to 
survey, which was due at least in part to varying 
weather conditions (Tables 1, 2; Figure 1). Lower 
counts during the warm season probably reflect 
dispersal to favored habitats around the bay, 
emigration to neighboring counties, and seasonal 
differences in visibility (Packard et al., 1985). 
Telemetry data suggest that about half of the 
manatees that winter in Tampa Bay spend part 
of the summer in Sarasota Bay and Charlotte 
Harbor (Weigle et al., 2001). Manatees are more 
difficult to detect when they disperse widely 
in scattered groups throughout Tampa Bay, 
sometimes into areas with poor water clarity. The 
search effort is also lower in areas away from 
the power plants. Observer fatigue is a factor in 
summer surveys.
The lower rate of increase in the warm-season 
counts would support the theory that manatees 
are immigrating into Tampa Bay principally 
during the winter. This has also been observed in 
radio-tagged animals (Weigle et al., 2001; FWC–
FWRI, unpublished data).
Related Manatee Research
Manatees have been well studied in Tampa Bay 
during this period. In addition to these aerial 
surveys, satellite- and radio-telemetry was used 
to follow the movements of individual manatees 
to study manatee behavior and habitat preference 
(Weigle et al., 2001; FWC–FWRI, unpublished 
data). Forty-four manatees were radio-tagged 
and released in Tampa Bay from 1991 to 1996. 
A few manatees that were tagged in Tampa Bay 
later ranged as far south as the Ten Thousand 
Islands in Everglades National Park or north 
past the Suwannee River before returning to 
Tampa Bay in the winter. Areas frequently used 
by manatees, individual activity patterns, and 
habitat preferences within Tampa Bay were 
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documented. Movement patterns of individuals 
were analyzed using GIS. Immature manatees 
and adult females with calves generally confined 
their activities to well-defined ranges. In contrast, 
adult males and females without calves, traveled 
extensively within and outside of the Tampa 
Bay area. Manatees from Tampa Bay were also 
photographed to study their life histories. A 
catalog of photographs of distinctively scarred 
manatees allows researchers to identify and track 
the movements and life events of individuals 
over time and to examine survival and 
reproductive rates.
Trends in Seagrass Abundance
The increasing seagrass coverage in Tampa Bay 
during this study period is probably one cause 
of the increase in numbers of manatees in 
Tampa Bay. Water quality was poor in Tampa 
Bay from the 1950s to the mid-1980s, especially 
in Hillsborough Bay, because of the release of 
untreated sewage and industrial waste (TBNEP, 
1996; Lewis et al., 1998). Past dredge-and-fill 
practices created deep channels and filled in 
shallow wetlands to create developable land; 
this greatly increased turbidity levels in the 
bay’s water. These two factors resulted in large 
reductions of seagrass habitats in the upper bay. 
The estimated area covered by seagrasses in the 
bay was reduced 72% from the historic estimated 
area from 1870 to 1982 (TBNEP, 1996; Lewis et 
al., 1998). The building of advanced wastewater 
treatment plants began in 1979, and from 1982 
to 1994, seagrasses increased by 23% because of 
improvements in water quality (TBNEP, 1996; 
Lewis et al., 1998).
Propeller scarring of seagrasses is a serious 
problem in Tampa Bay: 27% of seagrasses are 
moderately to heavily scarred, the second worst 
area of scarred seagrasses in Florida (Sargent 
et al., 1995). The worst scarring is in Cockroach 
Bay, at Fort DeSoto County Park, and at Weedon 
Island County Park, which prompted regulators 
to impose boating restrictions and closures in 
these areas to protect seagrasses (Sargent et al., 
1995; TBNEP, 1996). In addition, human-related 
manatee mortality, which is principally due 
to watercraft collisions, and the destruction of 
essential manatee habitat must be effectively 
managed in order to protect manatees in Tampa 
Bay.
Conclusions
This aerial-survey study (1987–97) documents 
the importance of Tampa Bay to the manatee 
population on Florida’s west coast and provides 
data on seasonal distribution and habitat use 
to assist managers in protecting key areas of 
the bay for manatees. The FWC–FWRI aerial-
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Propeller scarring of shallow seagrass beds, which are important manatee feeding areas, is a serious, long-lasting problem.
survey, telemetry, and photo identification 
studies greatly increased our knowledge of 
manatees in Tampa Bay and allowed site-
specific management recommendations to be 
made to protect manatees and their habitat. 
Our use of GIS to map seasonal distributions 
of manatees derived from aerial-survey data, 
and other data sets, such as those concerning 
manatee mortalities and seagrass density and 
distribution, has allowed us to make effective 
recommendations for protecting manatees and 
their habitat (Reynolds et al., 1991; TBNEP, 1996).
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Manatee mother and calf at Three Sisters Springs, Crystal River. Photo by Kane Rigney, FWC
Introduction 
Information about the Florida manatee in 
Charlotte Harbor was sparse when this project 
was initiated in 1987 (Moore, 1951a; Layne, 
1965; Irvine and Campbell, 1978; Irvine et al., 
1982; Beeler and O’Shea, 1988). The Charlotte 
Harbor ecosystem includes Charlotte Harbor, the 
adjoining Bull and Turtle bays and Gasparilla 
Sound, and the Myakka and Peace rivers to the 
north and Matlacha Pass and Pine Island to the 
south.
Manatees in Charlotte Harbor were documented 
as early as 1940 (Cahn, 1940). Manatees inhabit 
the coastal waters, estuaries, and rivers of 
Charlotte Harbor. Hartman (1974) found that 
Charlotte Harbor and the Peace and Myakka 
rivers contained “the nucleus of a sizeable 
manatee population,” based on one statewide, 
summer aerial survey and interviews with 
residents. Irvine and Campbell (1978) included 
Charlotte Harbor waters in two statewide 
surveys during the winter and summer of 1976. 
The winter count (January 30, 1976) yielded five 
manatees in Charlotte County and 92 manatees 
in Lee County after a cold front, including 82 
near the Florida Power and Light Company’s 
(FPL) Fort Myers power plant east of Fort Myers 
in Tice. Irvine et al. (1982) included Charlotte 
Harbor in five surveys from July through 
December 1979, covering the entire southwestern 
coast of Florida (0–6 manatees counted per 
survey in Charlotte County and 7–27 in Lee 
County).
Manatees are known to travel to areas with 
warm water when winter water temperatures 
drop below 20°C (Irvine, 1983; Ackerman et 
al., 1995; Deutsch et al., 2003). Previous studies 
suggested that the winter manatee aggregation 
in Lee County (adjacent to Charlotte County) 
was the largest in the state; warm waters there 
regularly attract more than 100 manatees and 
on one occasion at least 338 manatees (January 
19, 1985; Rose and McCutcheon, 1980; Reynolds 
and Wilcox, 1994). Counts from five later surveys 
made near power plants were even higher 
(maximum 434 on January 9, 1996, synoptic 
survey #1996-1; 421 on January 5, 2001, synoptic 
survey #2001-1; Reynolds, 2003).
A telemetry study of manatees captured at 
the FPL power plant on the Caloosahatchee 
River was conducted during 1985–87 (Lefebvre 
and Frohlich, 1986; Mate et al., 1987; USFWS, 
unpublished data). This study was conducted 
partly in response to manatees being killed 
by red tide in 1982 (37 carcasses; O’Shea et al., 
1991). Some of the manatees tagged in this study 
dispersed north to Charlotte County in the 
spring, and some went farther north to Tampa 
Bay. Manatees that were observed in Charlotte 
Harbor in warm months were assumed to winter 
at the FPL power plant in Lee County.
Because previous aerial surveys in southwestern 
Florida covered only the winter aggregations 
or were not regularly scheduled, the first year-
round distribution aerial surveys in southwest 
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Florida were conducted in Lee County (Chapter 
15, this volume, 1984–85). Surveys were then 
conducted in Charlotte Harbor in 1987–88 to 
document seasonal distribution and to obtain 
data for management decisions. Additional 
studies were conducted by FWC–FWRI 
throughout southwestern Florida in this time-
period (Chapter 13, this volume, Tampa Bay, 
1987–94; Chapter 16, this volume, Collier County, 
1986–90; and Chapter 17, this volume, Collier, 
1991–93). To improve management plans to 
protect manatees, a better understanding of the 
distribution of manatees in Charlotte Harbor was 
necessary.
Following a second, large die-off of manatees 
that occurred during red tide in 1996 (Bossart et 
al., 1998), additional research was initiated in Lee 
and Charlotte counties. A second series of aerial 
surveys in Charlotte County was conducted in 
1997–99 by Mote Marine Laboratory (MML), 
on contract to FWC–FWRI, to update the 
distribution data (J. Koelsch, MML, unpublished 
data). FWC–FWRI conducted additional surveys 
in Lee County (Chapter 15, this volume, 1994–95, 
1997–98) and initiated a new telemetry study in 
the Caloosahatchee River (1997–99; Weigle et al., 
2001; FWC–FMRI, unpublished data). Additional 
telemetry and photoidentification research was 
conducted by FWC–FWRI during 2000–2003 at 
Warm Mineral Springs and the Myakka River 
in northern Charlotte County (FWC–FWRI, 
unpublished data). MML conducted telemetry, 
photoidentification, and aerial-survey research 
at Matlacha Pass in northern Lee and southern 
Charlotte counties (1999–2002; Barton and 
Reynolds, 2001).
This chapter documents the results of the FWC–
FWRI aerial surveys in 1987 and 1988. The raw 
data from these aerial survey studies (sightings 
data and flight routes) are available on the FWC–
FWRI CD–ROM (FWC, 2000) in GIS format and 
on the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
Methods
Study Area
The study area encompassed the Charlotte 
Harbor ecosystem, which includes most of the 
coastal waters of Charlotte County and small 
adjacent sections of Lee, Sarasota, and De Soto 
counties (Map 1). The study area was divided 
into seven zones but pooled into five zones 
for analysis of general manatee distribution 
(Map 2). Major water bodies included Charlotte 
Harbor (zone coded as CHZ in data set), the 
Myakka and Peace rivers (MRZ and PRZ zones, 
respectively), Bull and Turtle bays (the BAY 
zone), and lower Gasparilla Sound (GAS zone). 
Many undeveloped areas under state or federal 
management are part of the study area, including 
two state parks (Gasparilla Island and Cayo 
Costa), four state aquatic preserves (Lemon Bay, 
Cape Haze, Pine Island Sound, and Gasparilla 
Sound), Charlotte Harbor, the Charlotte Harbor 
State Buffer Preserve, the Charlotte Harbor 
National Estuary, and the Island Bay National 
Wildlife Refuge.
The study area is mostly estuarine in character, 
with freshwater input from the Peace and 
Myakka rivers and numerous creeks and 
drainage canals. There is a strong tidal influence 
from Boca Grande Pass, Gasparilla Sound, 
Matlacha Pass, and Pine Island Sound. There 
are shallow mud or tidal flats and numerous 
oyster reefs around the perimeter of Charlotte 
Harbor. Marine seagrass beds are composed of 
turtle-grass (Thalassia testudinum), shoal-grass 
(Halodule wrightii), manatee-grass (Syringodium 
filiforme), star-grass (Halophila engelmannii), and 
various marine algae. Widgeon-grass (Ruppia 
maritima) is found in areas of brackish water. 
Natural estuarine shorelines are characterized 
by mangrove forest. Extensive saltmarsh grass 
communities, dominated by smooth cordgrass 
(Spartina alterniflora) and needlerush (Juncus 
roemerianus), compose a transition zone in 
the lower Peace and Myakka rivers. Diverse 
communities of freshwater marshes and wet 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Charlotte Harbor, Florida (Charlotte and 
Lee counties; n = 48 surveys) from January 1987 to December 1988 (FTCHAR data set).
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Map 2  Five zones used in spatial analysis of aerial surveys of manatee distribution conducted from January 1987 to 
December 1988 in Charlotte Harbor, Florida (Charlotte and Lee counties).
prairies are the dominant shoreline habitats 
in the middle reaches of the rivers, and the 
upper reaches are flanked by hydric hammock 
communities (Barnett et al., 1980; Gissendanner, 
1983).
Aerial Survey Protocols
Aerial surveys of the Charlotte Harbor area (Map 
1) were made twice per month from January 1987 
to December 1988, with three exceptions (Table 
1). The second flights for the months of January 
and March 1987 and May 1988 were postponed 
because of poor weather conditions and 
scheduling conflicts. Each delayed survey was 
conducted in the first few days of the following 
month. Flights began and ended at the Charlotte 
County airport in Punta Gorda.
Flight procedures were as described in Chapter 2, 
this volume. A standardized route was followed 
on each flight (Map 1).
Most areas of Charlotte Harbor are <4 m deep,
but a few areas in the center of Charlotte Harbor 
are 7–9 m deep. The mouth of the harbor at Boca 
Grande Pass is the deepest point at 11 m. The 
deeper waters of the Harbor were not surveyed 
for several reasons. First, previous aerial studies 
showed that manatees predominantly used only 
the shallow perimeters of large water bodies 
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Figure 1  Number of manatees observed per survey by month 
(n = 48 surveys), January 1987 to December 1988, Charlotte 
Harbor study area, Charlotte and Lee counties, Florida 
(AMCHAR data set).
Table 1  Summary of aerial survey dates (n = 48 surveys),
manatee counts, and percentage of calves, January 1987 to
December 1988, Charlotte Harbor study area, Charlotte and Lee 
counties, Florida (AMCHAR data set).
.
Florida M atee Distribution 1984–2004 Edwards & Ackerman
148 FWRI Technical Report TR-00
veys, SD = 30.4, range 0–112) was seen per survey
(T ble 2). C unts were much higher (ANOVA, P <
0.0001; Table 2) in the warm season (n = 36 surveys, x¯
= 47.9, SD = 27.2, range 5–112) than in the cold season
(n = 12 flights, x¯ = 3.9, SD = 4.4, range 0–16). Relative
seasonal abundance was further examined by divid-
ing the year into four quarters (Table 2). The number
of manatees observed per survey was highest in spring
(March–May, x¯ = 66.6, SD = 29.8), followed by summer
(June–August, x¯ = 47.9, SD = 22.7), fall (September–No-
vember, x¯ = 30.6, SD = 17.5), and winter (Decem-
ber–February, x¯ = 3.9, SD = 4.4). Spri g counts were
significantly higher than fall and winter counts; sum-
mer counts were significantly higher than winter counts
(ANOVA, P < 0.0001).The average number of manatees
observed per survey by month was highest in May (x¯
= 83.7) and lowest in January (x¯ = 2.3). The number of
manatees seen increased rapidly in March, peaked in
May, then gradually declined through N vember.
The overall percentage of calves seen was 10.3%.
The highest percentage of calves observed was in May
(14.7%); low percentages of calves were seen in Feb-
ruary (4.3%), June (8.7%), and December (5.9%). The
highest numbers of calves per survey were seen in
April (x¯ = 8.6) and May (x¯ = 12.3).The number of calves
seen was higher in the warm months than in winter
(highest in spring at 12.0%), although the p rcentage
of calves seen per survey was highly variable.
Manatees were not evenly distributed over the
survey route (χ2, P < 0.001; Table 3; Maps 3, 4). Several
zones had high numbers of manatees (Bay, Charlotte
Harbor, and Myakka River zones). High percentages
of calves were observed in the Bay and Charlotte Har-
bor zones, and low percentages of calves were ob-
served in the Myakka and Peace rivers.
Figure 1 Number of manatees observed per survey by month (n
= 48 surveys), January 1987 to December 1988, Charlotte Harbor
study area, Charlotte and Lee counties, Florida (AMCHAR data
set).
Table 1 Summary of aerial survey dates (n = 48 surveys),
man tee counts, and percentage of calves, January 1987 to
December 1988, Cha lo te H bor study ar a, Charlotte and
Lee counties, Florida (AMCHAR data set).
Manatees %
Date Adults Calves Total Calves Quarter
14 Jan 87 0 0 0 – Winter
04 Feb 87 1 0 1 0.0 Winter
10 Feb 87 2 0 2 0.0 Winter
24 Feb 87 16 0 16 0.0 Winter
26 Mar 87 40 0 40 0.0 Spring
02 Apr 87 67 10 77 13.0 Spring
21 Apr 87 70 5 75 6.7 Spring
28 Apr 87 89 17 106 16.0 Spring
14 May 87 65 14 79 17.7 Spring
26 May 87 51 9 60 15.0 Spring
17 Jun 87 67 3 70 4.3 Summer
19 Jun 87 65 2 67 3.0 Summer
23 Jul 87 59 6 65 9.2 Summer
28 Jul 87 17 2 19 10.5 Summer
18 Aug 87 31 2 33 6.1 Summer
24 Aug 87 41 2 43 4.7 Summer
21 Sep 87 62 7 69 10.1 Fall
25 Sep 87 23 3 26 11.5 Fall
23 Oct 87 11 1 12 8.3 Fall
26 Oct 87 35 3 38 7.9 Fall
12 Nov 87 12 0 12 0.0 Fall
25 Nov 87 9 0 9 0.0 Fall
11 Dec 87 4 0 4 0.0 Winter
21 Dec 87 3 0 3 0.0 Winter
19 Jan 88 6 1 7 14.3 Winter
28 Jan 88 0 0 0 – Winter
09 Feb 88 2 0 2 0.0 Winter
18 Feb 88 1 1 2 50.0 Winter
02 Mar 88 5 0 5 0.0 Spring
30 Mar 88 52 8 60 13.3 Spring
07 Apr 88 45 4 49 8.2 Spring
27 Apr 88 63 7 70 10.0 Spring
10 May 88 98 14 112 12.5 Spring
03 Jun 88 82 16 98 16.3 Summer
15 Jun 88 31 3 34 8.8 Summer
22 Jun 88 49 4 53 7.6 Summer
14 Jul 88 43 2 45 4.4 Summer
27 Jul 88 41 7 48 14.6 Summer
11 Aug 88 23 6 29 20.7 Summer
18 Aug 88 19 0 19 0.0 Summer
20 Sep 88 15 1 16 6.3 Fall
22 Sep 88 34 1 35 2.9 Fall
04 Oct 88 44 4 48 8.3 Fall
18 Oct 88 32 6 38 15.8 Fall
03 Nov 88 23 3 26 11.5 Fall
30 Nov 88 31 7 38 18.4 Fall
08 Dec 88 5 0 5 0.0 Winter
14 Dec 88 4 1 5 20.0 Winter
Total 1,588 182 1,770
Charlotte Harbor
9.7
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Table 1 Summary of aerial survey dates (n = 48 surveys), 
manatee counts, and percentage of calves, January 1987 to 
December 1988, Charlotte Harbor study area, Charlotte and 
Lee counties, Florida (AMCHAR data set). 
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Table 1 Summary of aerial survey dates (n = 48 surveys), 
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Table 1 Sum ary of aerial survey dates (n = 48 surveys), 
manatee counts, and percentage of calves, January 1987 to 
December 198 , Charlotte Harbor study area, Charlotte and 
Lee counties, Florida (AMCHAR data set). 
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Table 1 Summary of aerial survey dates (n = 48 surveys), 
manatee counts, and percentage of calves, January 1987 to 
December 1988, Charlotte Harbor study area, Charlotte and 
Lee counties, Florida (AMCHAR dataset). 
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St. Lucie and Martin Counties
ens), and widgeon-grass (Ruppia maritima) are present
in the St. Lucie River.The largest seagrass beds are in
St. Lucie County from the lagoon near Big Mud Creek
north to the Indian River County line and from the St.
Lucie Inlet south to the Martin County line. In Martin
County, significant seagrass beds exist in the Great
Pocket, in Peck Lake, and in Hobe and Jupiter sounds
(Packard, 1981, 1985b; Lefebvre and Powell, 1990;
TCRPC, 2000a).Water hyacinth (Eichhornia crassipes), hy-
drilla (Hydrilla verticillata), and other plants are found
in areas with fresh water (Hartman, 1974). In the tur-
bid canals of the St. Lucie River, manatees feed on
bank grasses such as smooth cordgrass (Spartina al-
terniflora) and seaside jointgrass (Paspalum vaginatum).
In the St. Lucie Canal, manatees feed on water hy-
acinth (Hartman, 1974).
The Fort Pierce power plant is the only warm-
water site in St. Lucie County (Hartman, 1974; Beeler
and O’Shea, 1988). No warm-water refuges are present
in Martin County. Five larger power plants are located
elsewhere in central-east and southeast Florida in Bre-
vard, Palm Beach, and Broward counties.
The study area was divided into 16 zones (Map 2)
for analysis of manatee distribution and later pooled
into 14 zones. These zones, from north to south, with
their abbreviations in the data set, included the fol-
lowing areas:
1 Indian River 1 and Fort Pierce Inlet (IRP + FP)—
South Causeway, Rt. A1A, south to Middle Point (in-
cludes Fort Pierce power plant);
2 Indian River 2 (IRM)—Middle Point south to ICW
channel marker 210;
3 Indian River 3 (IRN)—channel marker 210 south to
Jensen Beach Causeway, Rt. 232;
4 Indian River 4 (IRC)—Jensen Beach Causeway south
to Stuart Causeway, Rt. A1A;
5 Indian River 5 (IRI)—Stuart Causeway south to St.
Lucie Inlet;
6 Intracoastal Waterway (ICW)—St. Lucie Inlet south
to Hobe Sound;
7 Hobe and Jupiter Sounds (HJS)—Hobe Sound and
Jupiter Sound, south to Jupiter Inlet at the mouth of
the Loxahatchee River about 3 km into Palm Beach
County;
8 Lower St. Lucie River (LLR)—Sewall Point north to
Stuart Causeway, and Manatee Pocket;
9 Upper St. Lucie River (ULR)—Stuart Causeway west
to Roosevelt Bridge, Rt. 1;
0 Lowe  North Fork of the St. Lucie River (LNF) —
R sevelt Bridge orth to Kitchi g Cove;
11 Upper No th Fork f the St. Lucie River (UNF)—
K tching Cove north to Prima Vista Boulevard;
12 Bessey Creek (BC)—Bessey Creek and C-23 Canal;
13 South Fork of h  St. Lucie River (USF + LSF)—
Roosevelt Bridge south to St. Lucie Lock and Dam
on the Okeechobee Waterway; and 
14 Atlantic Beach (BCH)—from St. Lucie Inlet back
north to Fort Pierce Inlet.
T l  1 Summary of aerial survey date  (n = 40 surveys),
t  , a d th  p rcentage of alves, Novemb r 1990
to June 1993, St. Lucie and Martin counties, Florida (AML
data s t).
anatees
t ult alves Total Calves Qua ter
05 Nov 90 13 13 0.0 Fall
19 Nov 90 23 4 27 14 8 Fall
Dec 90 53 9 6 14.5 Winter
30 Dec 90 27 4 31 12.9 Winter
09 Jan 91 17 3 20 15.0 Winter
23 Jan 91 68 10 78 12.8 Winter
05 Feb 91 59 8 67 11.9 Winter
17 Feb 91 31 2 33 6.1 Winter
05 Mar 91 47 6 53 11.3 Spring
19 Mar 91 26 2 28 7.1 Spring
09 Apr 91 20 2 22 9.1 Spring
24 Apr 91 5 1 6 16.7 Spring
07 May 91 6 0 6 0.0 Spring
2 May 91 14 1 15 .7 Spring
10 Jun 91 13 1 14 7 1 Summer
4,27 Jun 91 23 0 23 0 Summer
9 Jul 91 1 1 14 7.1 Summer
06 Aug 91 14 1 15 6.7 Summer
20 Aug 91 19 3 22 13.6 Summer
10 Sep 91 26 3 29 10.3 Fall
24 Sep 91 21 2 23 8.7 Fall
25 Oct 91 23 0 23 0.0 Fall
10 Dec 91 42 5 47 10.6 Winter
30 Dec 91 48 4 52 7.7 Winter
17 Jan 92 26 4 30 13.3 Winter
27 Feb 92 26 2 28 7.1 Winter
10 Mar 92 16 1 17 5.9 Spring
28 Mar 92 30 4 34 1.8 Spring
30 Apr 92 14 1 15 6 7 Spring
12 May 92 12 1 13 7 7 Spring
3 Jun 92 9 0 9 0.0 Summer
29 Jul 92 13 3 16 18.8 Summer
13 Aug 92 4 0 4 0.0 Summer
24 Sep 92 17 2 19 10.5 Fall
14 Apr 93 36 7 43 16.3 Spring
06 May 93 13 1 14 7.1 Spring
12 May 93 14 2 16 12.5 Spring
19 May 93 15 3 18 16.7 Spring
08 Jun 93 17 2 19 10.5 Summer
22 Jun 93 15 3 18 16.7 Summer
Total 928 108 1,036 9 3
(Hartman, 1974; Irvine and Campbell, 1978; 
Nabor and Patton, 1989; Chapter 15, this volume, 
Lee County, 1984–85). Second, limited visibility 
down into the water column made sightings 
in the deeper areas unlikely. Telemetry studies 
also showed that manatees did not frequent the 
deeper waters of Charlotte Harbor (Lefebvre and 
Frohlich, 1986, USFWS and FDNR southwest 
telemetry study, 1985–87, unpublished data; 
Weigle et al., 2001; FWC–FWRI telemetry study, 
1991–97, unpublished data). Most manatees were 
observed in waters <2 m deep.
Results
A total of 1,770 manatees were observed during 
the 48 surveys, including 182 calves (10.3%). The 
highest count was made on May 10, 1988, when 
112 manatees were observed (Table 1, Figure 
1). No manatees were observed on two surveys 
(January 14, 1987 and January 28, 1988). Average 
group size during the study was 2.4 manatees 
(n = 722 groups, SD = 2.4, median = 2, 95th 
percentile = 7, max = 18 manatees). Many of the 
sightings were of a single manatee (49% of all 
groups). GIS data sets are available on the FWC–
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When examinating data from each zone by season,
we noticed some interesting temporal anatee distri-
bution patterns. The Bay zone and the southern and
eastern portions of the Charlotte Harbor zone had the
most sightings in the spring. Manatee counts in the
Myakka and Peace rivers were highest in summer.The
counts and spatial distribution of manatees in each
month were also examined.The mean number of man-
atees sighted in the Charlotte Harbor area (Bay and
Charlotte Harbor zones) was highest in April and then
declined through the summer. Higher counts were
made in the Peace and Myakka rivers in the summer,
peaking in June.
In January, manatees were seen only in the Peace
and Myakka rivers (4 anatees in each survey; Map 3).
In February, manatees were observed in those rivers,
and a few manatees were seen i  eastern Charlotte
Harbor. By March, animals were found in all zones but
were concentrated in the eastern part of the Charlotte
Harbor zone and in the Bay zone (Map 4).This pattern
continued in April with the arrival of more manatees
in the western part of the Charlotte Harbor zone. In
May, the maximum number of manatees was present
in th  survey area, and nimals used the Myakka River
to a greater extent than even the Bay zone. Counts de-
creased from May to December. In June, July, and Au-
Table 3 Number of manatees and their percentages, observed in aerial surveys, by zone and quarter, Charlotte Harbor study
area, Charlotte and Lee counties, Florida, January 1987 to December 1988. Column percentages are in parentheses.
Quarter
Zone Code Winter Spring Summer Fall Total
Turtle and Bull bays BAY 239 68 37 0 344
(33%) (11%) (10%) (0%) (19%)
Charlotte Harbor CHZ 373 196 221 24 814
(51%) (31%) (60%) (51%) (46%)
Gasparilla Sound GAS 8 1 1 0 10
(1%) (0%) (0%) (0%) (1%)
Myakka River MRZ 77 278 68 10 433
(11%) (45%) (19%) (21%) (24%)
Peace River PRZ 36 80 40 13 169
(5%) (13%) (11%) (28%) (10%)
Total 733 623 367 47 1,770
(n = 1,770 manatees, χ2 = 364.6, df = 12, P < 0.0001)
Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season (n
= 48 surveys), in the Charlotte Harbor study area, Charlotte and Lee counties, Florida, January 1987 to December 1988. Mean
counts that are not significantly different have the same letter in the column titled Difference of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 48 36.9 0 112 30.4 34.5 8.9
Seasons
Warm (Mar.–Nov.) 36 47.9 5 112 27.2 44 A 9.0
Cold (Dec.–Feb.) 12 3.9 0 16 4.4 34.5 B 8.4
r2 = 0.40, F = 30.68, df = 1,46, P < 0.0001
Quarters
Spring (Mar.–May) 11 66.6 5 112 29.8 70.0 A 10.2
Summer (Jun.–Aug.) 13 47.9 19 98 22.7 45.0 AB 8.5
Fall (Sep.–Nov.) 12 30.6 9 69 17.5 30.5 B 8.4
Winter (Dec.–Feb) 12 3.9 0 16 4.4 2.5 C 8.4
r2 = 0.57, F = 19.59, df = 3,44, P < 0.0001
Charlotte Harbor
Table 2  Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season 
(n = 48 surveys), in the Charlotte Harbor study area, Charlotte and Lee counties, Florida, January 1987 to December 1988. Mean 
t  t t  ot si ificantly different have the same letter in the column titled Difference of Means.
Table 3  Number of manatees and their percentages, observed in aerial surveys, by zone and quarter, Charlotte Harbor study area, 
Charlotte and Lee counties, Florida, January 1987 to December 1988. Column percentages are in parentheses.
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When examinating data from each zone by season,
we noticed so e interesting te poral manatee distri-
bution patterns. The Bay zone and the southern and
eastern portions of th  Charlotte Harbor zone had the
most sightings in the spring. Manatee counts in the
Myakka and Peace rivers were highest in summer.The
counts and spatial distribution of manatees in each
month were also examined.The mean number of man-
atees sighted in the Charlotte Harbor area (Bay and
Charlot e Harbor zones) was highest in April and hen
declin d hrough the summer. High r counts were
made in the Peace and Myakka rivers in the summer,
peaking in June.
In January, manatees were seen only in the Peace
and Myakka rivers (4 manatees in each survey; Map 3).
In February, manatees were observed in those rivers,
and a few manatees were seen in eastern Charlotte
Harbor. By March, animals were found in all zones but
were conce trat d in th eastern part of the Charlotte
Harbor zone and in the Bay zone (Map 4).This pattern
continued in April with the arrival of more manatees
in the western part of the Charlotte Harbor zone. In
May, the maximum number of manatees was present
in the survey area, and animals used the Myakka River
to a greater extent than even the B y zon . Counts de-
creased from May to December. In Ju e, July, and Au-
Table 3 Nu ber of anatees and their percentages, observed in aerial surveys, by zone and quarter, Charlotte Harbor study
area, Charlotte and Lee counties, Florida, January 1987 to December 1988. Colum  percentages r  in parentheses.
Quarter
Zone Code Spring Summer Fall Winter Total
Turtle and Bull bays BAY 239 68 37 0 344
(33%) (11%) (10%) (0%) (19%)
Charlotte Harbor CHZ 373 196 221 24 814
(51%) (31%) (60%) (51%) (46%)
Gasparilla Sound GAS 8 1 1 0 10
(1%) (0%) (0%) (0%) (1%)
Myakka River MRZ 77 278 68 10 433
(11%) (45%) (19%) (21%) (24%)
Peace River PRZ 36 80 40 13 169
(5%) (13%) (11%) (28%) (10%)
Total 733 623 367 47 1,770
(n = 1,770 manatees, χ2 = 364.6, df = 12, P < 0.0001)
Table 2 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season (n
= 48 surveys), in th  Charlott  Harbor study area, Charlotte and Lee counties, Florida, J uary 1987 to December 1988. Mean
counts that are not signific ntly different have th  same let er i  the column titled Differe ce of Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
Total 48 36.9 0 112 30.4 2.5 10.3
Seasons
Warm (Mar.–Nov.) 36 47.9 5 112 27.2 44 A 9.0
Cold (Dec.–Feb.) 12 3.9 0 16 4.4 2.5 B 8.4
r2 = 0.40, F = 30.68, df = 1,46, P < 0.0001
Quarters
Spring (Mar.–May) 11 66.6 5 112 29.8 70 A 10.2
Summer (Jun.–Aug.) 13 47.9 19 98 22.7 45 AB 8.5
Fall (Sep.–Nov.) 12 30.6 9 69 17.5 30.5 B 8.4
Winter (Dec.–Feb) 12 3.9 0 16 4.4 2.5 C 8.4
r2 = 0.57, F = 19.59, df = 3,44, P < 0.0001
Charlotte Harbor
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Map 3  Cold-season sightings of manatees during aerial surveys in Charlotte Harbor, Florida (Charlotte and Lee 
counties; December–February; n = 12 surveys) from January 1987 to December 1988 (AMCHAR data set).
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  189
Map 4  Warm-season sightings of manatees during aerial surveys in Charlotte Harbor, Florida (Charlotte and Lee 
counties; March–November; n = 36 surveys) from January 1987 to December 1988 (AMCHAR data set).
FWRI CD–ROM (FWC, 2000; manatee sightings, 
AMCHAR; survey route, FTCHAR data sets) and 
on the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
Year-round, a mean of 36.9 manatees (n = 48 
surveys, SD = 30.4, range 0–112) was seen per 
survey (Table 2). Counts were much higher 
(ANOVA, P < 0.0001; Table 2) in the warm season 
(n = 36 surveys, x¯ = 47.9, SD = 27.2, range 5–112) 
than in the cold season (n = 12 flights, x¯ = 3.9, SD 
= 4.4, range 0–16). Relative seasonal abundance 
was further examined by dividing the year into 
four quarters (Table 2). The number of manatees 
observed per survey was highest in spring 
(March–May, x¯ =  66.6, SD = 29.8), followed by 
summer (June–August, x¯ =  47.9, SD = 22.7), fall 
(September–November, x¯ =  30.6, SD = 17.5), 
and winter (December–February, x¯ =  3.9, SD 
= 4.4). Spring counts were significantly higher 
than fall and winter counts; summer counts 
were significantly higher than winter counts 
(ANOVA, P < 0.0001). The average number of 
manatees observed per survey by month was 
highest in May (x¯ =  83.7) and lowest in January 
(x¯ =  2.3). The number of manatees seen increased 
rapidly in March, peaked in May, then gradually 
declined through November.
The overall percentage of calves seen was 8.9%. 
The highest percentage of calves observed was in 
May (15.1%); low percentages of calves were seen 
in February (10.0%), June (8.0%), and December 
(5.0%). The highest numbers of calves per survey 
were seen in April (x¯ =  8.6) and May (x¯ =  12.3). 
The number of calves seen was higher in the 
warm months than in winter (highest in spring 
at 10.2%), although the percentage of calves seen 
per survey was highly variable.
Manatees were not evenly distributed over the 
survey route (χ², P < 0.001; Table 3; Maps 3, 4). 
Several zones had high numbers of manatees 
(Bay, Charlotte Harbor, and Myakka River 
zones). High percentages of calves were observed 
in the Bay and Charlotte Harbor zones, and 
low percentages of calves were observed in the 
Myakka and Peace rivers.
When examining data from each zone by season, 
we noticed some interesting temporal manatee 
distribution patterns. The Bay zone and the 
southern and eastern portions of the Charlotte 
Harbor zone had the most sightings in the spring. 
Manatee counts in the Myakka and Peace rivers 
were highest in summer. The counts and spatial 
distribution of manatees in each month were 
also examined. The mean number of manatees 
sighted in the Charlotte Harbor area (Bay and 
Charlotte Harbor zones) was highest in April 
and then declined through the summer. Higher 
counts were made in the Peace and Myakka 
rivers in the summer, peaking in June.
In January, manatees were seen only in the Peace
and Myakka rivers (4 manatees in each survey; 
Map 3). In February, manatees were observed 
in those rivers, and a few manatees were seen 
in eastern Charlotte Harbor. By March, animals 
were found in all zones but were concentrated in 
the eastern part of the Charlotte Harbor zone and 
in the Bay zone (Map 4). This pattern continued 
in April with the arrival of more manatees in 
the western part of the Charlotte Harbor zone. 
In May, the maximum number of manatees was 
present in the survey area, and animals used 
the Myakka River to a greater extent than even 
the Bay zone. Counts decreased from May to 
December. In June, July, and August, the largest 
concentrations of manatees were observed in the 
Myakka River, although by August they were 
beginning to congregate in western Charlotte 
Harbor. In September and October, most animals 
had returned to western Charlotte Harbor. In 
November, the number of manatees had declined 
throughout the harbor, and those that remained 
were dispersed throughout the study area. In 
December, the few remaining manatees were 
located in the Peace and Myakka rivers and 
southeastern Charlotte Harbor.
Discussion
Aerial survey counts represent only a minimum 
estimate of the actual number of manatees 
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present. The high count of 112 manatees seen 
during one survey (May 10, 1988) indicates the 
importance of Charlotte Harbor as manatee 
habitat (Table 1).
Counts were highest in spring, followed by 
summer, fall, and winter (Figure 1). Mean 
monthly counts further detail temporal 
distribution patterns within the survey area. Few 
manatees were present in the Charlotte Harbor 
area during December, January, and February, 
when falling water and air temperatures 
triggered manatee movements to warm-water 
winter refuges outside the survey area (Matlacha 
Isles, Fort Myers, or Tampa Bay; Map 3). The high 
counts in spring (March to May) represent the 
dispersal of manatees from these thermal refuges 
into the study area. Many came north through 
Matlacha Pass from the FPL Fort Myers power 
plant and the Caloosahatchee River. Taking 
advantage of the abundant seagrass beds found 
in the area, manatees use the waters of Charlotte 
Harbor as a first stop during their migration 
north from winter aggregation sites in Fort 
Myers (Lefebvre and Frohlich, 1986). In spring, 
manatees sequentially use northern Matlacha 
Pass, southeastern Charlotte Harbor,and Bull 
and Turtle bays. The highest numbers were in 
these areas for several months, but the numbers 
in those zones dropped in summer and fall as 
animals dispersed up the rivers and north of the 
study area. From late spring through early fall, 
highest counts occurred in the Myakka and Peace 
rivers. Counts increased slightly in fall, especially 
in eastern and western Charlotte Harbor, as 
animals returned to the area while en route to 
winter refuges.
The percentage of calves observed in Charlotte 
Harbor (10.3%) was nearly identical to the 
percentages observed in neighboring areas. 
Nabor and Patton (1989) and Kadel and Patton 
(1992) observed 10.9% calves in their surveys 
of portions of Manatee, Sarasota, and Charlotte 
counties in 1985–88, and Ackerman et al. 
(Chapter 15, this volume) reported 10.5% calves 
in Lee County in 1984–85.
Calf percentages observed during the months of 
this study varied widely. The highest percentage 
was 14.7% in May, and the lowest was 4.3% in 
February. The lowest numbers of calves occurred 
in winter (only three calves were seen in winter 
months), when mother-calf pairs remained near 
warm-water sources outside the study area 
(Table 1). The counts of calves peaked in spring 
when the groups dispersed into this study area 
and then remained at lower levels in summer 
and fall. Analysis of the percentage and mean 
number of calves observed in the study zones 
indicated that some zones were used more by 
females with calves. Additional radiotelemetry 
and more detailed GIS analysis may reveal some 
of the factors influencing the distribution of 
females with calves.
Manatees were not evenly distributed within 
the survey area (Maps 3, 4; Table 3). The highest 
average counts were in the Myakka River, and 
lowest counts were in the southern Charlotte 
Harbor zone. Counts were surprisingly low in 
the Peace River, considering the high numbers 
in the Myakka River. The two river systems 
appear to be similar, but they may differ in 
geology, hydrology, or amount of available 
aquatic vegetation. The Peace River, especially 
the lower section, is much more developed than 
the Myakka River. The amount of shoreline 
perturbation may cause manatees to use the 
area less. Development also results in declines 
in water quality and increases in human activity, 
which may also cause manatees to use the 
area less. The darker and more turbid water 
in the Peace River makes it more difficult to 
detect manatees from the air, which may also 
explain the lower counts. Further analysis of 
these two riverine habitats may lead to a better 
understanding of the habitat requirements 
and preferences of manatees in similar areas of 
Florida.
Warm Mineral Springs
The spatial distribution of manatee sightings 
in winter illustrates several interesting points. 
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All of the manatees observed in January were 
located in the Peace and Myakka rivers. At the 
time of this study, it was speculated that the 
Myakka River served as a winter refuge for a 
small number of manatees, despite low water 
temperatures (Nabor and Patton, 1989; Kadel 
and Patton, 1992). Subsequently, a small winter 
aggregation was discovered in 1993 in the tree-
covered outflow creek of Warm Mineral Springs 
in Sarasota County, a large spring flowing into 
Salt Creek, which flows into the Myakka River 
(FWC–FWRI, unpublished data). This is a natural 
hot spring, the only one in Florida (Rosenau et 
al., 1977).
Aerial surveys reported here (1987–88) and by 
MML (Nabor and Patton, 1989; Kadel and Patton, 
1992) had not covered this previously unknown 
site. It is possible that those survey teams might 
have observed manatees had they flown there, 
but the small tree-covered spring run is difficult to 
observe from the air. This could explain the low 
numbers of manatees seen in the Myakka River 
in winter during earlier studies, or perhaps the 
manatees were feeding elsewhere during warmer 
periods in winter. In recent years, aerial counts 
made at these sites during the synoptic surveys 
have not been satisfactory. Therefore, manatees 
are now counted from the ground when they are 
in the spring run (FWC–FWRI, unpublished data). 
The maximum count through 1996 was 36 manatees 
(Koelsch and Pitchford, 1998), but a record 74 
manatees were observed on January 25, 2003 
(FWC–FWRI, unpublished data). Use of this site by 
manatees has apparently increased substantially 
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Manatees gathered in the natural warm water of Warm Mineral Springs in Sarasota County.
over the past decade, and in 2003 received state 
and federal protection.
Related Research Studies
The pattern of seasonal movements into 
Charlotte Harbor in warm months is 
corroborated by other studies. Winter aerial 
surveys in the Orange and Caloosahatchee rivers 
near the FPL Fort Myers power plant since 1977 
showed high counts in winter and few manatees 
in spring as waters warmed and animals 
dispersed, many towards Charlotte Harbor (Rose 
and McCutcheon, 1980; Packard et al., 1989; 
Reynolds and Wilcox, 1985, 1986, 1994; Reynolds, 
2003; Chapter 15, this volume, Lee County, 
1984–98).
In 1985–86, the USGS Sirenia Project radio-tagged 
manatees that wintered at the FPL Fort Myers 
power plant (Lefebvre and Frohlich, 1986; USGS 
and FDNR, unpublished southwest telemetry 
data, 1985–87). Some of the radio-tagged 
manatees that wintered at the power plant 
slowly moved up into Charlotte Harbor in the 
warm months (via Matlacha Pass, southeastern 
Charlotte Harbor, and Bull and Turtle bays), and 
some of these animals eventually moved farther 
north in summer to Sarasota Bay and Tampa 
Bay. Animals were later observed returning to 
Charlotte Harbor in the fall before proceeding 
to the power plant for the winter. Manatees 
tagged by FWC–FWRI in the Caloosahatchee 
River in Lee County in the spring of 1997 showed 
similar behavior (Weigle et al., 2001; FWC–FMRI 
telemetry study, 1997–99, unpublished data). 
Additional FWC–FWRI telemetry research 
has subsequently been conducted around 
Warm Mineral Springs and the Myakka River 
in northern Charlotte Harbor (FWC–FWRI, 
unpublished data, 2000–2003).
Photoidentification has demonstrated that some 
individuals wintering in Fort Myers migrate to 
Charlotte Harbor in the spring and farther north 
to Sarasota County in late spring and summer 
(Koelsch and Pitchford, 1998; FWC–FWRI and 
MML, unpublished photoidentification data).
The MML conducted aerial surveys in Manatee, 
Sarasota, and Charlotte counties, 1987–93 (Nabor 
and Patton, 1989; Kadel and Patton, 1992; 
Koelsch and Pitchford, 1998. Parts of western 
Charlotte County were covered: Lemon Bay, 
the western end of Charlotte Harbor, and the 
Myakka River (GIS data sets available on CD–
ROM; manatee sightings AMSAR87, AMSAR92, 
flight route FTSAR; FWC, 2000).
A second series of aerial surveys in Charlotte 
County was conducted by MML from September 
1997 to October 1999. The route was similar to 
that of the 1987–88 FWC–FWRI aerial surveys. 
Twice-monthly surveys were made (47 surveys 
completed, x¯ = 82.0 manatees, range 1–258; J. 
Koelsch, MML, unpublished data; GIS data sets 
available, manatee sightings AMCHAR9798, 
AMCHAR9899, flight route FLCHAR99). Their 
results also demonstrated an increase in manatee 
counts in northern Charlotte Harbor during the 
summer months.
In addition, MML conducted telemetry, 
photoidentification, and aerial-survey research 
centered on Matlacha Pass in northern Lee 
and southern Charlotte counties, 1999–2002 
(Barton and Reynolds, 2001). This included the 
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Separating boaters from manatees in “sanctuaries”such as 
this one can help to provide peaceful coexistence for both.
Matlacha Isles canal system, a secondary winter 
aggregation site, and Matlacha Pass, which is 
an important spring feeding area. The FWC and 
MML conducted 29 surveys in this area from 
January 1999 to March 2000 (Koelsch et al. 2000).
Conclusions
The FWC–FWRI aerial surveys made in 
Charlotte Harbor in 1987–88 yielded the first 
detailed information for management about 
the year-round distribution of manatees there. 
Many manatees use Charlotte Harbor in the 
warm months; fewer use this area in the cold 
months. Most manatees leave for warm-water 
aggregation sites out of the study area in winter. 
Research by FWC–FWRI and Mote Marine 
Laboratory since 1997 has greatly increased our 
knowledge of manatees in the Charlotte Harbor 
area. Numbers of manatees in Charlotte Harbor 
appear to have increased considerably over the 
past few decades. Data collected during these 
surveys have helped improve the actions taken 
to manage and protect manatees in this region of 
Florida.
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Manatees at Three Sisters Springs, Crystal River. Photo by Kane Rigney, FWC.
Introduction 
The presence of Florida manatees in Lee County 
was documented as early as 1940 (Cahn, 1940; 
Hamilton, 1941; Moore, 1951a; Layne, 1965; 
Beeler and O’Shea, 1988). Based on one 
statewide, summer aerial survey and interviews 
with residents, Hartman (1974) found Lee 
County (from the Imperial River to the 
Caloosahatchee River) to have large numbers of 
manatees. Irvine and Campbell (1978) included 
Lee County waters in two statewide surveys 
during 1976, one in the winter and one in the 
summer. In the winter survey (January 30, 
1976), conducted after a cold front, 92 manatees 
were counted in Lee County, 82 of them near 
the power plant. Irvine et al. (1982) included 
Lee County in five surveys from July through 
December 1979, covering the entire southwestern 
coast of Florida (7–27 manatees were counted 
per survey in Lee County). The Florida Game 
and Fresh Water Fish Commission (GFC) made 
15 surveys (up to five surveys per year) covering 
parts of Lee County from December 1981 to 
March 1985. Counts of 1–46 manatees per survey 
were recorded (GFC data; see Beeler and O’Shea, 
1988).
The first systematic aerial surveys in Lee County 
began in 1977 as part of surveys made around the 
state to document the abundance of manatees at 
the warm-water discharges at Florida Power and 
Light Company (FPL) power plants (Rose and 
McCutcheon, 1980). These surveys continued in 
winter from 1977 to the present time (Reynolds 
and Wilcox, 1985, 1986, 1994; Reynolds, 2003). 
In Lee County, these surveys covered the FPL 
power plant east of Fort Myers.
Manatees are known to travel to areas with 
warm water when winter water temperatures 
drop below 20°C (Irvine, 1983; Ackerman et al., 
1995; Deutsch et al., 2003). Data from previous 
studies indicated that the winter manatee 
aggregation (FPL power plant) in Lee County 
was the largest in the state, regularly attracting 
more than 100 manatees and on one occasion at 
least 271 manatees (January 11, 1978; Rose and 
McCutcheon, 1980; Reynolds and Wilcox, 1994).
The first year-round aerial surveys in 
southwestern Florida were made in Lee County 
in 1984–85 to document seasonal distribution of 
manatees and to obtain data for management 
decisions. The U.S. Geological Survey (USGS) 
Sirenia Project (formerly part of the U.S. Fish and 
Wildlife Service [USFWS]) opened the Southwest 
Field Station in Fort Myers in 1984 as a center 
for aerial-survey, telemetry, and mortality 
studies (Packard et al., 1989; Ackerman et al., 
1995). A telemetry study in which manatees 
were captured at the FPL power plant at the 
Caloosahatchee River was initiated by USGS in 
1985 and conducted jointly through 1987 with 
the Florida Fish and Wildlife Conservation 
Commission’s Fish and Wildlife Research 
Institute (FWC–FWRI, formerly under Florida 
Department of Natural Resources [FDNR]) 
(Lefebvre and Frohlich, 1986; Mate et al., 1987; 
USGS and FWC, unpublished data). These 
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studies were partly in response to the manatee 
mortalities that were caused by red tide in 1982 
(37 carcasses; O’Shea et al., 1991). These functions 
were later assumed by FWC–FWRI in July 
1985 and became the basis for the FWC marine 
mammal research program.
Following the Lee County surveys in 1984–85, 
additional aerial surveys were conducted by 
FWC–FWRI in southwestern Florida (Charlotte 
1987–88, Chapter 14, this volume; Collier 
1986–90, Chapter 16, this volume; and Collier 
1991–93, Chapter 17, this volume). In 1986–88, 
additional surveys were conducted in three small 
areas of Lee County that had high management 
importance but that were not on the 1984–85 
survey route.
In 1994–95, a second year-long aerial study of Lee 
County was conducted by FWC–FWRI to update 
the distribution data. Following the manatee 
mortalities that were caused by red tide in 1996 
(149 carcasses; Bossart et al., 1998), another year 
of aerial surveys was conducted in 1997–98 to 
provide additional data. A new telemetry study 
was also conducted from 1997 through 1999, 
centered on the Caloosahatchee River (Weigle et 
al., 2001; FWC, unpublished data).
Lee County has the second-highest number of 
recorded manatee deaths in the state (Ackerman 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Lee County, Florida (n = 48 surveys) from 
January 1984 to December 1985 (FTLEE data set).
et al., 1995; FWC, unpublished data). As the 
human population in the county continues to 
grow, human activity will probably continue to 
adversely affect manatees. In order to protect 
manatees, a better understanding of their 
distribution in Lee County is necessary.
The purpose of this chapter is to document 
the results of the aerial surveys of manatee 
distribution made from 1984 through 1998. 
The raw data from all of these aerial surveys 
(AMLEE, AMLEE94, AMLEE97, FTLEE, 
FTLEE947) are in GIS format and most are 
included on the FWC–FWRI CD–ROM (FWC, 
2000). The others (ASLEEX, FTLEEX) can be 
requested from FWC and on the FWC website 
http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam.
Methods
Study Area
In 1984–85, the study area encompassed most 
of the rivers and coastal waters of Lee County. 
Major bodies of water included the 
Caloosahatchee and Orange rivers, San Carlos 
and Estero bays, Matlacha Pass, and Pine Island 
Sound (Map 1). Many undeveloped areas under 
state or federal management were part of the 
study area, including the Cayo Costa and Lovers 
Key state parks, four state aquatic preserves 
(Gasparilla Sound–Charlotte Harbor, Matlacha 
Pass, Pine Island Sound, and Estero Bay), the 
Estero Bay State Buffer Preserve, the Charlotte 
Harbor National Estuary, and four national 
wildlife refuges (Pine Island, Matlacha Pass, 
Caloosahatchee, and J. N. “Ding” Darling).
The Caloosahatchee River flows from the center 
of the state and enters the Gulf of Mexico at San 
Carlos Bay southwest of Fort Myers. It connects 
to Lake Okeechobee and the Atlantic Coast via 
the channelized Okeechobee Waterway and the 
Intracoastal Waterway (ICW). The study area 
included about 44 km of the Caloosahatchee 
River, from S.R. 78 in Alva, to the mouth of the 
river. About 7.5 km downriver from Alva are 
the Franklin Locks and Dam, part of the ICW 
operated by the U.S. Army Corps of Engineers. 
The dam serves as both a salinity barrier and a 
flood-control structure, and the locks allow boats 
(and manatees) to pass through. Much of the 
Caloosahatchee has been dredged for navigation, 
and large portions of the shoreline have been 
stabilized with bulkheads. Most of the numerous, 
dredged, residential finger canals that adjoin the 
Caloosahatchee were not included in the 1984–85 
surveys.
In 1986–88, additional aerial surveys in Lee 
County were conducted in three small areas that 
were of high management importance but not 
included on the original survey route in 1984–85: 
(1) Deep Lagoon (Maps 2, 3); (2) Hendry Creek, 
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Table 1  Summary of FWC aerial surveys of manatee distribution in Lee County, 1984–1998, with study area, dates of
surveys,and associated GIS data sets. Names of researchers are in parentheses after the agency name.
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Area	   Dates	   N	   Agency	  (observers)	   GIS	  Data	  Sets	  
Lee County 1/1984 to 12/1985 48 FWC (K. Frohlich) AMLEE, FTLEE 
Deep Lagoon 6/1986 to 2/1988 41 FWC (K. Frohlich) ASLEEX 
Imperial River 3/1987 to 2/1988 24 FWC (K. Frohlich) ASLEEX 
Hendry Creek, 5/1988 to 12/1988 15 FWC (K. Frohlich) ASLEEX 
Mullock Creek, and 	   	   	   	  
Ten-Mile Canal 	   	   	   	  
Lee County 10/1994 to 11/1995 23 FWC (B. Ackerman, AMLEE94, FTLEE947 
	   	   	   K. Clifton, T. Pitchford) 	  
	   1/1997 to 1/1998 24 FWC (B. Ackerman, AMLEE97, FTLEE947 
	   	   	   K. Clifton, T. Pitchford) 	  
 
 
the state and enters the Gulf of Mexico at San Carlos 
Bay southwest of Fort Myers. It connects to Lake Okee- 
chobee and the Atlantic Coast via the channelized 
Okeechobee Waterway and the Intracoastal Waterway 
(ICW). The study are  included about 44 km f the 
Caloosahatchee River, from S.R. 78 in Alva, to the 
mouth of the river. About 7.5 km downriver from Alva 
are the Franklin Locks and Dam, part of the ICW op- 
erated by the U.S. Army Corps of Engineers. The dam 
serves as both a salinity barrier and a flood-control 
structure, and the locks allow boats (and manatees) to 
pass through. Much of the Caloosahatchee has been 
dredged for navigation, and large portions of the shore- 
line have been stabilized with bulkheads. Most of the 
numerous, dredged, residential finger canals that ad- 
join the Caloosahatchee were not included in the 
1984–85 surveys. 
In 1986–88, additional aerial surveys in Lee County 
were conducted in three small areas that were of high 
management importance but not included on the orig- 
inal survey route in 1984–85: (1) Deep Lagoon (Maps 
2, 3); (2) Hendry Creek, Mullock Creek, and the Tenmile 
Canal; and (3) the Imperial River (Table 1). Each of 
these areas was surveyed during other studies (e.g., Col- 
lier County, 1986–90, Chapter 16, this volume). 
In 1994–98, some parts of the study area were 
added to the flight route or were covered more inten- 
sively (Map 4). An additional pass was flown up the 
middle of the Caloosahatchee River so that there were 
three passes covering the middle and both shores, in- 
stead of just along the two shores. The river is deep in 
the cen r, and manatees are difficult to see in the 
deeper portions because of the dark (tannic) and tur- 
bid water and frequent wind- and boat-caused surface 
chop and wind rows (streaks of foam on the water’s sur- 
face that are caused by moderate wind speeds and 
that reduce visibility down into the water column). 
 
In 1994–98, three areas adjacent to the Caloosa- 
hatchee River were also added to the survey route 
(Map 4).Three sets of dredged, deep residential canals 
are used by manatees as unheated secondary winter 
aggregation sites.These are the Eight Lakes in the city 
of ape Coral, particul rly the canal  the southwest 
corner; Deep Lagoon; and several canals at Shell Point. 
Some of the other numerous canals in Cape Coral 
were also add d. However, t e easternmost part of 
the route in the Caloosahatchee Rive , from the Franklin 
Locks to the town of Alva, was eliminated in the 1994–98 
surveys. 
 
Description of Zones 
 
The Orange River is a small, narrow, shallow tributary 
that enters the Caloosahatchee River east of Fort Myers. 
The FPL Fort Myers power plant is located near the con- 
fl of these two rivers. Cooling water is taken 
from the Caloosahatchee River, and the warmed ef- 
fl   is discharged into the cooling canal and then into 
the Orange River 2.5 km upriver of its mouth. Water 
temperature is raised a m ximum of 6.7°C when the 
plant is operating at full capacity (FPL, 1977).The ther- 
mal plume flows down the Orange River and then 
mixes with the cooler waters of the Caloosahatchee 
River.This warm-water discharge has become a major 
winter refuge, attracting hundreds of manatees, pre- 
sumably from throughout southwestern Florida (Rose 
and McCutcheon, 1980; Reynolds and Wilcox, 1985, 
1986, 1994; Packard et al., 1989; Reynolds, 2003). 
San Carlos Bay is an estuary formed where the 
Caloosahatchee River enters the Gulf of Mexico. It is 
charact rized by s all islands of red and bla k man- 
groves (Rhizophora mangle and Avicennia germi ans) 
and shallow bays with many oyster bars. Salinity fluc- 
tuates with the changing tides and the release of fresh 
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the state and enters the ulf of exico at San Carlos
Bay southwest of Fort yers. It connects to Lake kee-
chobee and the Atlantic Coast via the channelized
keechobee aterway and the Intracoastal aterway
(IC ). The study area included about 44 k  of the
Caloosahatchee River, fro  S.R. 78 in Alva, to the
outh of the river. About 7.5 k  downriver fro  Alva
are the Franklin Locks and Da , part of the IC  op-
erated by the U.S. Ar y Corps of Engineers.The da
serves as both a salinity barrier and a flood-control
structure, and the locks allow boats (and anatees) to
pass through. uch of the Caloosahatchee has been
dredged for navigation, and large portions of the shore-
line have been stabilized with bulkheads. ost of the
numerous, dredged, residential finger canals that ad-
join the Caloosahatchee were not included in the
1984–85 surveys.
In 1986–88, additional erial surveys in Lee County
were conducted in three small areas that were of high
management importance but not included on the orig-
inal survey route in 1984–85: (1) Deep Lagoon (Maps
2, 3); (2) Hendry Creek, Mullock Creek, and the Tenmile
Canal; and (3) the Imperial River (Table 1). Each of
these areas was surveyed during other studies (e.g., Col-
lier County, 1986–90, Chapter 16, this volume).
In 1994–98, some parts of the study area were
added to the flight route or wer  covered more inten-
sively (Map 4). An additional pass was flown up the
middle of the Caloosahatchee River so that there were
three passes covering the middle and both shores, in-
stead of just along the two shores.The river is deep in
the center, and manatees are difficult to see in the
deeper portions because of the dark (tannic) and tur-
bid water and frequent wind- and boat-caused surface
chop and wind rows (streaks of foam on the water’s sur-
face that are caused by moderate wind speeds and
that reduce visibility down into the water column).
In 1994–98, three areas a jacent to the Caloosa-
hatchee River were also added to the survey route
( ap 4).Three sets of dredged, deep residential canals
are used by anatees as unheated secondary winter
aggregation sites.These are the Eight Lakes in the city
of ape Coral, particularly the canal in the southwest
corner; Deep Lagoon; and several canals at Shell Point.
So e of the other nu erous canals in Cape Coral
were also added. However, the eastern ost part of
the route in the Caloosahatchee River, fro  the Franklin
Locks to th town of Alva, was eli inated in the 1994–98
surveys.
Description of Zones
The Orange River is a small, narrow, shallow tributary
that enters the Caloosahatchee River east of Fort yers.
The FPL Fort yers power plant is located near the con-
fluence of these two rivers. Cooling water is taken
from the Caloosahatchee River, and the warmed ef-
fluent is discharged into the cooling canal and then into
the Orange River 2.5 km upriver of its mouth. ater
temperature is raised a maximum of 6.7°C when the
plant is operating at full capacity (FPL, 1977).The ther-
mal plume flows down the Orange River and then
mixes with the cooler waters of the Cal osahatchee
River.This warm-water discharge has become a major
winter refuge, attracting hundreds of manatees, pre-
sumably from throughout southwestern Florida (Rose
and McCutcheon, 1980; Reynolds and Wilcox, 1985,
1986, 1994; Packard et al., 1989; Reynolds, 2003).
San Carlos Bay is an estuary formed where the
Caloosahatchee River enters the Gulf of Mexico. It is
characterized by small islands of red and black man-
groves (Rhizophora mangle and Avicennia germinans)
and shallow bays with many oyster bars. Sali ity fluc-
tuates with the changing tides and the release of fresh
l  1 Summary of FWC aerial surveys of manatee distr but on in Lee County, 1984–1998, with study area, dates of
surveys,and associated IS data sets. a es of researchers are in parentheses after the agency name.
t s ncy (observers) I  ta Sets
 t 1/1984 t  12/1985 48  ( . r lic ) ,
Deep Lagoon 6/1986 to 2/1988 41 F C (K. Frohlich) ASLEEX
I perial River 3/1987 to 2/1988 24 F C (K. Frohlich) ASLEEX
endry Creek, 5/1988 to 12/1988 15 F C (K. Frohlich) ASLEEX
ullock Creek, and 
Ten- ile Canal
Lee County 10/1994 to 11/1995 23 F C (B. Acker an, A LEE94, FTLEE947
K. Clifton,T. Pitchford)
1/1997 to 1/1998 24 F C (B. Acker an, A LEE97, FTLEE947
K. Clifton,T. Pitchford)
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Map 2  Flight paths followed during aerial surveys of manatee distribution in additional Lee County regions, Florida 
(Deep Lagoon, Imperial River, and Hendry Creek; n = 36 surveys) from June 1986 to December 1988 (FTLEEX data set).
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  199
Map 3  Sightings of manatees during aerial surveys (warm and cold seasons) in additional Lee County regions, Florida 
(Deep Lagoon, Imperial River, and Hendry Creek; n = 36 surveys) from June 1986 to December 1988 (ASLEEX data set).
Mullock Creek, and the Tenmile Canal; and (3) 
the Imperial River (Table 1). Each of these areas 
was surveyed during other studies (e.g., Collier 
County, 1986–90, Chapter 16, this volume).
In 1994–98, some parts of the study area were 
added to the flight route or were covered more 
intensively (Map 4). An additional pass was 
flown up the middle of the Caloosahatchee 
River so that there were three passes covering 
the middle and both shores, instead of just along 
the two shores. The river is deep in the center, 
and manatees are difficult to see in the deeper 
portions because of the dark (tannic) and turbid 
water and frequent wind- and boat-caused 
surface chop and wind rows (streaks of foam on 
the water’s surface that are caused by moderate 
wind speeds and that reduce visibility down into 
the water column).
In 1994–98, three areas adjacent to the
Caloosahatchee River were also added to the 
survey route (Map 4). Three sets of dredged, 
deep residential canals are used by manatees as 
unheated secondary winter aggregation sites. 
These are the Eight Lakes in the city of Cape 
Coral, particularly the canal in the southwest 
corner; Deep Lagoon; and several canals at Shell 
Point. Some of the other numerous canals in Cape 
Coral were also added. However, the easternmost 
part of the route in the Caloosahatchee River, 
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Map 4  Flight path followed during aerial surveys of manatee distribution in Lee County, Florida (n = 47 surveys) from 
October 1994 to January 1998 (FTLEE947 data set).
from the Franklin Locks to the town of Alva, was 
eliminated in the 1994–98 surveys.
Description of Zones
The Orange River is a small, narrow, shallow 
tributary that enters the Caloosahatchee River 
east of Fort Myers. The FPL Fort Myers power 
plant is located near the confluence of these 
two rivers. Cooling water is taken from the 
Caloosahatchee River, and the warmed effluent 
is discharged into the cooling canal and then 
into the Orange River 2.5 km upriver of its 
mouth. Water temperature is raised a maximum 
of 6.7°C when the plant is operating at full 
capacity (FPL, 1977). The thermal plume flows 
down the Orange River and then mixes with 
the cooler waters of the Caloosahatchee River. 
This warm-water discharge has become a major 
winter refuge, attracting hundreds of manatees, 
presumably from throughout southwestern 
Florida (Rose and McCutcheon, 1980; Reynolds 
and Wilcox, 1985, 1986, 1994; Packard et al., 1989; 
Reynolds, 2003).
San Carlos Bay is an estuary formed where the 
Caloosahatchee River enters the Gulf of Mexico. 
It is characterized by small islands of red 
and black mangroves (Rhizophora mangle and 
Avicennia germinans) and shallow bays with many 
oyster bars. Salinity fluctuates with the changing 
tides and the release of fresh water from Lake 
Okeechobee into the Caloosahatchee River. The 
bay is divided by a causeway consisting of a 
series of spoil islands and bridges that connect 
Sanibel Island to the mainland.
Pine Island Sound lies between Pine Island and 
the outer barrier islands (Sanibel, Captiva, and 
Cayo Costa islands). The shoreline is fringed 
principally by mangroves, and small bays and 
saltwater creeks cut into the barrier islands. Pine 
Island Sound is shallow and has many mangrove 
islands and abundant seagrass beds. The ICW 
runs the length of the sound, from San Carlos 
Bay north to Charlotte Harbor. Additional passes 
at Cayo Costa were added to the survey route in 
the 1994–98 surveys.
Matlacha Pass separates Pine Island from the 
mainland. It connects San Carlos Bay to the 
south with Charlotte Harbor to the north. It is 
shallow, and the bottom consists of seagrass beds 
and numerous oyster bars. A shallow, winding 
navigation channel runs the length of the pass. 
The shoreline is predominantly undeveloped, 
except for the bulkheads and canals of the town 
of Matlacha. The Matlacha Isles residential canal 
system, east of Matlacha Pass, was not surveyed 
in 1984–85 but was added to the route in 1994–98 
(Map 4). Matlacha Isles is a network of deep 
canals and is used by manatees as an unheated, 
secondary winter aggregation (Barton and 
Reynolds, 2001). Additional passes at the two 
large sandbars north of Bokeelia were added to 
the survey route in 1994–98.
Estero Bay, to the south of San Carlos Bay, is a 
shallow estuary fed by several small creeks and 
rivers and separated from the gulf by a string of 
barrier islands, which contain the towns of Fort 
Myers Beach and Bonita Beach. This bay also has 
shallow seagrass beds and oyster bars. The creeks 
and rivers entering Estero Bay were not included 
in the 1984–85 surveys. Subsequently, the 
Imperial River, Hendry Creek, Mullock Creek, 
and Tenmile Canal were surveyed during 1986–
88 (ASLEEX data set) during other studies. These 
tributaries were added to the survey route in the 
1994–98 surveys. The tree-lined Estero River was 
not surveyed (Map 4). Tenmile Canal is a deep 
quarry (“borrow pit”) that is used by manatees as 
an unheated secondary aggregation site.
Water depths in the study area ranged from 8 m 
in portions of the ICW to less than 1 m near 
shore and on grass beds and shoals. Water 
clarity varied with weather conditions but was 
generally poor throughout the area. Visibility 
down into the water was estimated to be less 
than 1 m on most surveys. Surface area (km2) of 
water in each zone was determined by digitizing 
shoreline and zone boundaries based on 1:24,000 
USGS topographic quadrangles.
In estuarine and marine waters, seagrass beds are 
dominated by turtle-grass (Thalassia testudinum)
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and shoal-grass (Halodule wrightii). Manatee-
grass (Syringodium filiforme) and various algal 
species are also common. Widgeon-grass (Ruppia 
maritima) is found in estuarine areas where 
salinities vary. Star-grass (Halophila engelmannii) 
is found at low densities mixed with other 
species.
Aquatic vegetation is sparse in the rivers and 
varies seasonally and annually, partly because of 
changes in salinity (Lee County Department of 
Aquatic Weed Control, personal communication). 
Freshwater aquatic plants are most abundant 
above the Franklin Locks. Common freshwater 
aquatics are tape-grass (Vallisneria americana), 
hydrilla (Hydrilla verticillata), water hyacinth 
(Eichhornia crassipes), and water lettuce (Pistia 
stratiotes).
Aerial Survey Protocols
In 1984–85, aerial surveys were conducted twice 
monthly from January 1984 through December 
1985 (n = 48 surveys, Table 2, Figure 1, AMLEE 
data set), totaling 144 hours of flight time (x¯ = 3.0 
hrs/survey). Only one survey was completed 
in May 1984 and August 1985, and an extra 
survey was made early in the following month. 
Survey procedures followed Packard’s (1985a) 
“extended-area” surveys (Chapter 2, this 
volume). Surveys started and ended at the Fort 
Myers Page Field Regional Airport and were 
conducted according to methods described in 
Chapter 2 of this volume. Most surveys began 
between 8:30 a.m. and 9:30 a.m. and were 
completed in less than 4 hours. Surveys were 
usually aborted if wind speeds were continuously 
greater than 27 km/hr. A standard flight path 
was followed on each survey. When manatees 
were seen, the pilot circled the plane over the 
immediate vicinity to search for others. Circling 
continued until an accurate count was made, and 
then the original flight path was resumed.
In 1984–85, the same primary observer made 
all surveys from the right front seat and plotted 
manatee sightings on maps. A second observer 
occupied the left rear seat and searched for 
manatees to the left of the flight path. When 
manatees were seen or suspected, the aircraft 
circled to the right and the primary observer 
counted the animals and plotted the sightings. 
Low contrast between the dark water and the 
manatees made locating individuals difficult 
and prohibited counting manatees by means 
of photography.
Two more years of surveys were conducted 
from 1994 to 1998 to update the distribution 
data. Aerial surveys were conducted twice 
monthly (n = 47 surveys, 23 from October 1994 
through November 1995 and 24 from January 
1997 through January 1998; Tables 1, 3; Map 
4; AMLEE94 and AMLEE97 data sets). Some 
surveys were attempted but not completed 
because of weather or logistic problems 
(February 28, June 25, August 19, October 28, and 
December 19, 1997; January 30, 1998). The 1994–
98 surveys followed the same route and covered 
more parts of the county more intensively than 
the 1984–85 surveys did (approximately 4–5 
hours of survey time).
The 1994–98 survey procedures were similar to 
those used in the 1984–85 surveys. However, the 
role of primary observer rotated among the three 
principal researchers. Unlike in the previous 
series of surveys (1984–85), second observers in 
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Figure 1  Number of manatees observed per survey (n = 48 
surveys), by month, January 1984 to December 1985, Lee 
County, Florida (AMLEE data set).
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Table 2 Summary of aerial survey dates (n = 48 surveys)
and manatee counts, January 1984 to December 1985, Lee
County, Florida (AMLEE data set).
Manatees %
Date Adults Calves Total Calves Quarter
17 Jan 84 59 14 73 19.2 Winter
31 Jan 84 74 11 85 12.9 Winter
23 Feb 84 18 3 21 14.3 Winter
26 Feb 84 26 5 31 16.1 Winter
14 Mar 84 23 5 28 17.6 Spring
02 Apr 84 25 4 29 13.8 Spring
14 Apr 84 20 1 21 4.8 Spring
16 Apr 84 16 3 19 15.8 Spring
11 May 84 47 7 54 13.0 Spring
02 Jun 84 44 5 49 10.2 Summer
06 Jun 84 39 8 47 17.0 Summer
20 Jun 84 57 8 65 12.3 Summer
13 Jul 84 26 3 29 10.3 Summer
25 Jul 84 29 2 31 6.5 Summer
10 Aug 84 33 4 37 10.8 Summer
13 Aug 84 43 8 51 15.7 Summer
10 Sep 84 23 3 26 11.5 Fall
24 Sep 84 13 1 14 7.1 Fall
15 Oct 84 51 8 59 13.6 Fall
30 Oct 84 45 4 49 8.2 Fall
16 Nov 84 118 17 135 12.6 Fall
28 Nov 84 106 15 121 12.4 Fall
06 Dec 84 66 9 75 12.0 Winter
20 Dec 84 112 28 140 20.0 Winter
03 Jan 85 25 2 27 7.4 Winter
29 Jan 85 227 11 238 4.6 Winter
19 Feb 85 124 10 134 7.5 Winter
27 Feb 85 114 6 120 5.0 Winter
19 Mar 85 47 6 53 11.3 Spring
28 Mar 85 18 0 18 0.0 Spring
17 Apr 85 24 2 26 7.7 Spring
25 Apr 85 49 10 59 17.0 Spring
08 May 85 52 4 56 7.1 Spring
23 May 85 42 7 49 14.3 Spring
18 Jun 85 44 4 48 8.3 Summer
24 Jun 85 53 4 57 7.0 Summer
08 Jul 85 41 3 44 6.8 Summer
31 Jul 85 46 8 54 14.8 Summer
21 Aug 85 32 2 34 5.9 Summer
03 Sep 85 22 0 22 0.0 Fall
11 Sep 85 45 5 50 10.0 Fall
25 Sep 85 28 1 29 3.5 Fall
02 Oct 85 35 1 36 2.8 Fall
23 Oct 85 37 4 41 9.8 Fall
07 Nov 85 57 7 64 10.9 Fall
26 Nov 85 78 6 84 7.1 Fall
09 Dec 85 34 3 37 8.1 Winter
19 Dec 85 82 14 96 14.6 Winter
Total 2,469 296 2,765 10.7
n = 1,101 groups
Table 3 Summary of aerial survey dates (n = 47 surveys)
and manatee counts, October 1994 to January 1998, Lee
County, Florida (AMLEE94, AMLEE97 data sets).
Manatees %
Date Adults Calves Total Calves Quarter
12 Oct 94 46 7 53 13.2 Fall
19 Oct 94 36 1 37 2.7 Fall
22 Nov 94 40 5 45 11.1 Fall
29 Nov 94 111 12 123 9.8 Fall
14 Dec 94 51 2 53 3.8 Winter
20 Dec 94 133 27 160 16.9 Winter
10 Jan 95 238 17 255 6.7 Winter
22 Jan 95 217 28 245 11.4 Winter
07 Feb 95 221 33 254 13.0 Winter
23 Feb 95 186 50 236 21.2 Winter
21 Mar 95 205 16 221 7.2 Spring
28 Mar 95 134 12 146 8.2 Spring
27 Apr 95 123 10 133 7.5 Spring
11 May 95 93 7 100 7.0 Spring
25 May 95 169 12 181 6.6 Spring
26 Jun 95 38 2 40 5.0 Summer
25 Jul 95 130 12 142 8.5 Summer
14 Aug 95 92 8 100 8.0 Summer
22 Aug 95 175 14 189 7.4 Summer
13 Sep 95 97 4 101 4.0 Fall
20 Sep 95 116 6 122 4.9 Fall
25 Oct 95 109 8 117 6.8 Fall
15 Nov 95 147 21 168 12.5 Fall
20 Jan 97 374 36 410 8.8 Winter
30 Jan 97 204 37 241 15.4 Winter
13 Feb 97 202 32 234 13.7 Winter
28 Feb 97 109 13 122 10.7 Winter
12 Mar 97 142 28 170 16.5 Spring
28 Mar 97 117 16 133 12.0 Spring
30 Apr 97 127 8 135 5.9 Spring
07 May 97 105 8 113 7.1 Spring
28 May 97 105 19 124 15.3 Spring
18 Jun 97 91 9 100 9.0 Summer
25 Jun 97 114 10 124 8.1 Summer
09 Jul 97 116 18 134 13.4 Summer
24 Jul 97 98 11 109 10.1 Summer
19 Aug 97 105 9 114 7.9 Summer
28 Aug 97 134 14 148 9.5 Summer
09 Sep 97 146 17 163 10.4 Fall
17 Sep 97 71 6 77 7.8 Fall
17 Oct 97 77 8 85 9.4 Fall
28 Oct 97 120 16 136 11.8 Fall
10 Nov 97 116 6 122 4.9 Fall
25 Nov 97 87 7 94 7.5 Fall
19 Dec 97 210 22 232 9.5 Winter
02 Jan 98 142 31 173 17.9 Winter
30 Jan 98 190 31 221 14.0 Winter
Total 6,209 726 6,935 10.5
n = 2,522 groups
Lee County
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Table 2 Summary of aerial survey dates (n = 48 surveys)
and manatee counts, January 1984 to December 1985, Lee
County, Florida (AMLEE data set).
M natees %
Date Adults Calves Total Calves Qua ter
17 Jan 84 59 14 73 19.2 Winter
31 Jan 84 74 11 85 12.9 Winter
23 Feb 84 18 3 21 14.3 Winter
26 Feb 84 26 5 31 6.1 Winter
14 Mar 84 23 5 28 17.6 Spring
02 Apr 84 25 4 29 13.8 Spring
14 Apr 84 20 1 21 4.8 Spring
16 Apr 84 16 3 19 15.8 Spring
11 May 84 47 7 54 13.0 Spring
02 Jun 84 44 5 49 10.2 Summer
06 Jun 84 39 8 47 17.0 Summer
20 Jun 84 57 8 65 12.3 Summer
13 Jul 84 26 3 29 10.3 Summer
25 Jul 84 29 2 31 6.5 Summer
10 Aug 84 33 4 37 10.8 Summer
13 Aug 84 43 8 51 15.7 Summer
10 Sep 84 23 3 26 11.5 Fall
24 Sep 84 13 1 14 7.1 Fall
15 Oct 84 51 8 59 13.6 Fall
30 Oct 84 45 4 49 8.2 Fall
16 Nov 84 118 17 135 12.6 Fall
28 Nov 84 106 15 121 12.4 Fall
06 Dec 84 66 9 75 12.0 Winter
20 Dec 84 112 28 140 20.0 Winter
03 Jan 85 25 2 27 7.4 Winter
29 Jan 85 227 11 238 4.6 Winter
19 Feb 85 124 10 134 7.5 Winter
27 Feb 85 114 6 120 5.0 Winter
19 Mar 85 47 6 53 11.3 Spring
28 Mar 85 18 0 18 0.0 Spring
17 Apr 85 24 2 26 7.7 Spring
25 Apr 85 49 10 59 17.0 Spring
08 May 85 52 4 56 7.1 Spring
23 May 85 42 7 49 14.3 Spring
18 Jun 85 44 4 48 8.3 Summer
24 Jun 85 53 4 57 7.0 Summer
08 Jul 85 41 3 44 6.8 Summer
31 Jul 85 46 8 54 14.8 Summer
21 Aug 85 32 2 34 5.9 Summer
03 Sep 85 22 0 22 0.0 Fall
11 Sep 85 45 5 50 10.0 Fall
25 Sep 85 28 1 29 3.5 Fall
02 Oct 85 35 1 36 2.8 Fall
23 Oct 85 37 4 41 9.8 Fall
07 Nov 85 57 7 64 10.9 Fall
26 Nov 85 78 6 84 7.1 Fall
09 Dec 85 34 3 37 8.1 Winter
19 Dec 85 82 14 96 14.6 Winter
Total 2,469 296 2,765 10.7
n = 1,101 groups
Table 3 Summary of aerial survey dates (n = 47 surveys)
and manatee counts, October 1994 to January 1998, Lee
County, Florida (AMLEE94, AMLEE97 data sets).
M natees %
Date Adults Calves Total Calves Qua ter
12 Oct 94 46 7 53 13.2 Fall
19 Oct 94 36 1 37 2.7 Fall
22 Nov 94 40 5 45 1.1 Fall
29 Nov 94 111 12 123 9.8 Fall
14 Dec 94 51 2 53 3.8 Winter
20 Dec 94 133 27 160 16.9 Winter
10 Jan 95 238 17 255 6.7 Winter
22 Jan 95 217 28 245 11.4 Winter
07 Feb 95 221 33 254 13.0 Winter
23 Feb 95 186 50 236 1.2 Winter
21 Mar 95 205 16 221 7.2 Spring
28 Mar 95 134 12 146 8.2 Spring
27 Apr 95 123 10 133 7.5 Spring
11 May 95 93 7 100 7.0 Spring
25 May 95 169 12 181 6.6 Spring
26 Jun 95 38 2 40 5.0 Summer
25 Jul 95 130 12 142 8.5 Summer
14 Aug 95 92 8 100 8.0 Summer
22 Aug 95 175 14 189 7.4 Summer
13 Sep 95 97 4 101 4.0 Fall
20 Sep 95 116 6 122 4.9 Fall
25 Oct 95 109 8 117 6.8 Fall
15 Nov 95 147 21 168 12.5 Fall
20 Jan 97 374 36 410 8.8 Winter
30 Jan 97 204 37 241 15.4 Winter
13 Feb 97 202 32 234 13.7 Winter
28 Feb 97 109 13 122 10.7 Winter
12 Mar 97 142 28 170 16.5 Spring
28 Mar 97 117 16 133 12.0 Spring
30 Apr 97 127 8 135 5.9 Spring
07 May 97 105 8 113 7.1 Spring
28 May 97 105 19 124 15.3 Spring
18 Jun 97 91 9 100 9.0 Summer
25 Jun 97 114 10 124 8.1 Summer
09 Jul 97 116 18 134 13.4 Summer
24 Jul 97 98 11 109 0.1 Summer
19 Aug 97 105 9 114 7.9 Summer
28 Aug 97 134 14 148 9.5 Summer
09 Sep 97 146 17 163 10.4 Fall
17 Sep 97 71 6 77 7.8 Fall
17 Oct 97 77 8 85 9.4 Fall
28 Oct 97 120 16 136 11.8 Fall
10 Nov 97 116 6 122 4.9 Fall
25 Nov 97 87 7 94 7.5 Fall
19 Dec 97 210 22 232 9.5 Winter
02 Jan 98 142 31 173 17.9 Winter
30 Jan 98 190 31 221 14.0 Winter
Total 6,209 72 6,935 10.5
n = ,522 groups
Lee County
le 2  Summary of aerial survey dates (n = 48 surveys)
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Table 2 Summary of aerial survey dates (n = 48 surveys)
nd man tee co nts, January 1984 to December 1985, Lee
C unty, Florida (AMLEE data set).
Manatees %
Date Adults Calves Total Calves Quarter
17 Jan 84 59 14 73 19.2 Winter
31 Jan 84 74 11 85 12.9 Winter
23 Feb 4 18 3 21 14.3 Winter
26 Feb 84 26 5 3 16.1 Winter
14 Mar 84 23 5 28 17.6 Spring
02 Apr 84 25 4 29 13.8 Spring
14 Apr 84 20 1 21 4.8 Spring
16 Apr 84 16 3 19 15.8 Spring
11 May 84 4 7 54 13.0 Spring
02 Jun 84 44 5 49 10.2 Summer
06 Jun 84 39 8 47 17.0 Summer
20 Jun 84 57 8 65 12.3 Summer
13 Jul 84 26 3 29 10.3 Summer
25 Jul 84 29 2 31 6.5 Summer
10 Aug 84 33 4 37 10.8 Summer
13 Aug 84 43 8 1 15.7 Summer
10 Sep 84 2 3 26 11.5 Fall
24 Sep 84 13 1 14 7.1 Fall
15 Oct 84 51 8 59 13.6 Fall
30 Oct 84 45 4 49 8.2 Fall
16 Nov 4 1 8 17 35 12.6 Fall
2 Nov 84 106 15 1 12.4 Fall
06 Dec 84 66 9 75 12.0 Winter
20 Dec 84 112 28 14 20.0 Winter
03 Jan 85 25 2 27 7.4 Winter
29 Jan 85 227 11 238 4.6 Winter
19 Feb 85 124 10 134 7.5 Winter
27 Feb 85 114 6 12 5.0 Winter
19 Mar 85 47 6 5 11.3 Spring
2 Mar 5 18 0 18 0.0 Spring
17 Apr 85 24 2 26 7.7 Spring
25 Apr 85 49 10 59 17.0 Spring
0 May 85 52 4 56 7.1 Spring
23 May 85 42 7 9 14.3 Spring
1 Jun 85 4 4 48 8.3 Summer
24 Jun 85 53 4 57 7.0 Summer
0 Jul 85 41 3 44 6.8 Summer
31 Jul 85 46 8 54 14.8 Summer
21 Aug 85 3 2 34 5.9 Summer
03 Sep 85 22 0 22 0.0 Fall
11 Sep 85 4 5 5 10.0 Fall
25 Sep 5 28 1 29 3.5 Fall
02 Oct 85 35 1 36 2.8 Fall
23 Oct 85 37 4 41 9.8 Fall
07 Nov 85 5 7 64 10.9 Fall
26 Nov 5 78 6 84 7.1 Fall
09 Dec 85 34 3 37 8.1 Winter
19 Dec 85 82 14 9 14.6 Winter
Total 2,469 296 2, 65 10.7
n = 1,101 groups
Table 3 Summ ry of aerial survey dates (n = 47 surveys)
and manatee c unts, Oc ber 1994 to January 1998, Lee
C unty, Florida ( 4, AMLEE97 data sets).
Manatees %
Date Adults Calves Total Calves Quarter
12 Oct 94 46 7 53 13.2 Fall
1 Oct 94 36 1 3 2.7 Fall
22 Nov 94 40 5 45 11.1 Fall
2 Nov 94 1 1 12 123 9.8 Fall
14 Dec 94 51 2 53 3.8 Winter
20 Dec 94 133 27 0 16.9 Winter
10 Jan 95 238 17 255 6.7 Winter
22 Jan 95 217 28 245 11.4 Winter
07 Feb 95 221 33 254 13.0 Winter
23 Feb 95 186 50 36 21.2 Winter
21 Mar 95 205 16 21 7.2 Spring
28 Mar 95 134 12 146 8.2 Spring
27 Apr 95 123 10 133 7.5 Spring
11 May 95 93 7 10 7.0 Spring
25 May 5 169 12 181 6.6 Spring
26 Jun 95 38 2 4 5.0 Summer
25 Jul 95 130 12 142 8.5 Summer
14 Aug 95 92 8 10 8.0 Summer
22 Aug 95 175 14 189 7.4 Summer
13 Sep 95 97 4 101 4.0 Fall
20 Sep 95 11 6 122 4.9 Fall
25 Oct 5 109 8 117 6.8 Fall
15 Nov 95 147 21 68 12.5 Fall
20 Jan 97 374 36 410 8.8 Winter
30 Jan 97 204 37 241 15.4 Winter
13 Feb 97 20 32 2 4 13.7 Winter
28 Feb 7 109 13 22 10.7 Winter
12 Mar 97 142 28 70 16.5 Spring
28 Mar 97 1 7 16 33 12.0 Spring
30 Apr 97 127 8 135 5.9 Spring
07 May 97 105 8 13 7.1 Spring
28 May 97 105 19 24 15.3 Spring
18 Jun 97 91 9 10 9.0 Summer
25 Jun 97 1 4 10 24 8.1 Summer
0 Jul 97 1 6 18 13.4 Summer
24 Jul 97 98 11 9 10.1 Summer
1 Aug 97 105 9 114 7.9 Summer
28 Aug 97 13 14 148 9.5 Summer
0 Sep 97 146 17 63 10.4 Fall
17 Sep 97 71 6 7 7.8 Fall
17 Oct 97 77 8 85 9.4 Fall
28 Oct 97 120 16 36 11.8 Fall
10 Nov 97 11 6 122 4.9 Fall
25 Nov 97 8 7 94 7.5 Fall
1 Dec 97 210 22 232 9.5 Winter
02 Jan 98 142 31 3 17.9 Winter
30 Jan 98 190 31 221 14.0 Winter
Total 6,209 726 6,93 10.5
n = 2,522 groups
Lee County
.
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Table 2 Summary of aerial survey dates (n = 48 surveys)
and manatee counts, January 1984 to Dec mber 1985, Lee
County, Florida (AMLEE data set).
Manatees %
Date Adults Calves Total Calves Quarter
17 Jan 84 59 14 73 19.2 Winter
31 Jan 8 74 11 85 2 9 Winter
23 Feb 8 18 3 21 14 3 Winter
6 Feb 8 26 31 6 Winter
14 Mar 8 23 5 8 7 6 Spring
02 Apr 8 25 4 29 1 Spring
14 Apr 8 20 1 21 4 8 Spring
6 Apr 84 16 3 19 1 8 Spring
11 May 84 4 54 3 0 Spring
2 Jun 84 44 5 49 0 2 Summer
06 Jun 84 3 8 47 17 0 Summer
0 Jun 84 57 8 65 1 3 ummer
13 Jul 4 26 3 29 0 3 ummer
5 Jul 84 2 6 ummer
0 Aug 84 3 4 37 8 ummer
13 Aug 84 43 8 5 5 7 ummer
10 Sep 84 23 3 26 11 5 Fall
4 Sep 84 13 1 14 7 1 Fall
5 Oct 84 51 59 3 6 Fall
30 Oct 84 4 4 2 Fall
6 Nov 84 118 1 35 2 6
8 Nov 84 0 5 1 4
06 Dec 84 66 75 2 0 Winter
20 Dec 84 12 8 40 20 0 Winter
03 85 25 2 27 7 4
29 85 27 11 38 6
9 85 124 10 1 7 5
7 5 14 6 0 5 0
9 85 7 6 53 1 3
5 8 0 18 0
17 85 4 2 26 7 7
25 Apr 85 4 10 59 0
0 5 52 4 56 7 1
23 May 5 42 7 49 4 3 pring
18 85 4 48 3
24 n 85 53 4 57 7 0
08 85 41 3 44 6 8
31 Jul 85 46 8 5 4 8
1 5 2 2 34 5 9
3 85 22 0 22 0
1 85 45 5 50 10 0
25 Sep 85 28 1 29 3
02 5 35 1 2
23 Oct 85 37 4 41 9 8
07 85 5 6 10 9
26 Nov 85 78 6 84 7 1 Fall
9 Dec 85 34 3 37 8 1
19 Dec 85 82 14 96 6
2,46 9 2, 6 7
1 101
Table 3 Summary of aerial survey dates (n = 47 surveys)
and manatee counts, October 1994 to January 1998, Lee
County, Florida (AMLEE94, AMLEE97 data sets).
Manatees %
Date Adults Calves Total Calves Quarter
12 Oct 94 46 7 53 13.2 Fall
19 Oct 94 36 1 37 2.7 Fall
22 Nov 94 40 5 45 11.1 Fall
29 Nov 94 111 12 123 9.8 Fall
14 Dec 94 51 2 53 3.8 Winter
20 Dec 94 133 27 160 16.9 Winter
10 Jan 95 238 17 255 6.7 Winter
22 Jan 95 217 28 245 11.4 Winter
07 Feb 95 221 33 254 13.0 Winter
23 Feb 95 186 50 236 21.2 Winter
21 Mar 95 205 16 221 7.2 Spring
28 Mar 95 134 12 146 8.2 Spring
27 Apr 95 123 10 133 7.5 Spring
11 May 95 93 7 100 7.0 Spring
25 May 95 169 12 181 6.6 Spring
26 Jun 95 38 2 40 5.0 Summer
25 Jul 95 130 12 142 8.5 Summer
14 Aug 95 92 8 100 8.0 Summer
22 Aug 95 175 14 189 7.4 Summer
13 Sep 95 97 4 101 4.0 Fall
20 Sep 95 116 6 122 4.9 Fall
25 Oct 95 109 8 117 6.8 Fall
15 Nov 95 147 21 168 12.5 Fall
20 Jan 97 374 36 410 8.8 Winter
30 Jan 97 204 37 241 15.4 Winter
13 Feb 97 202 32 234 13.7 Winter
28 Feb 97 109 13 122 10.7 Winter
12 Mar 97 142 28 170 16.5 Spring
28 Mar 97 117 16 133 12.0 Spring
30 Apr 97 127 8 135 5.9 Spring
07 May 97 105 8 113 7.1 Spring
28 May 97 105 19 124 15.3 Spring
18 Jun 97 91 9 100 9.0 Summer
25 Jun 97 114 10 124 8.1 Summer
09 Jul 97 116 18 134 13.4 Summer
24 Jul 97 98 11 109 10.1 Summer
19 Aug 97 105 9 114 7.9 Summer
28 Aug 97 134 14 148 9.5 Summer
09 Sep 97 146 17 163 10.4 Fall
17 Sep 97 71 6 77 7.8 Fall
17 Oct 97 77 8 85 9.4 Fall
28 Oct 97 120 16 136 11.8 Fall
10 Nov 97 116 6 122 4.9 Fall
25 Nov 97 87 7 94 7.5 Fall
19 Dec 97 210 22 232 9.5 Winter
02 Jan 98 142 31 173 17.9 Winter
30 Jan 98 190 31 221 14.0 Winter
Total 6,209 726 6,935 10.5
n = 2,522 groups
Lee County
.
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Table 2 Summary of aerial survey dates (n = 48 surveys)
nd nate co nts, J nu ry 1984 to Dec mber 1985, Lee
C unty, Florida (AMLEE data set).
Manatees %
Date Adult C lves Total Calves Quarter
17 Jan 84 59 14 73 19.2 Winter
31 Jan 8 74 11 85 2 9 Winter
23 Feb 18 3 1 14 3 Winter
6 Feb 8 26 3 6 Winter
14 Mar 8 23 5 17 6 Spring
02 Apr 8 25 4 29 1 Spring
14 Apr 8 0 1 21 4 8 Spring
6 Apr 4 6 3 19 15 8 Spring
11 May 84 4 7 5 3 0 Spring
2 Jun 84 44 5 49 0 2 Summer
06 Jun 84 39 8 47 17 0 Summer
0 Jun 84 57 8 65 12 3 ummer
13 Jul 84 26 3 29 10 3 ummer
5 Jul 84 9 2 1 6 ummer
0 Aug 84 3 4 37 10 8 ummer
13 Aug 84 43 8 5 15 7 ummer
10 Sep 4 2 3 26 11 5 Fall
4 Sep 84 3 1 14 7 1 Fall
5 Oct 84 51 59 13 6 Fall
30 Oct 84 4 4 8 2 Fall
6 Nov 4 1 8 7 35 12 6
Nov 84 0 5 1 12 4
06 Dec 84 66 9 75 12 0 Winter
20 Dec 84 12 8 4 20 0 Winter
03 85 25 2 27 7 4
2 85 2 1 38 4 6
85 124 10 7 5
7 85 4 6 5 0
85 7 6 5 1 3
5 8 0 18 0
17 85 4 2 26 7 7
25 Apr 85 49 10 59 1 0
0 85 52 4 6 7 1
23 May 85 42 7 49 14 3 pring
1 85 4 4 48 3
24 n 85 53 4 57 7 0
0 5 4 3 44 6 8
31 Jul 85 46 8 5 14 8
1 85 2 34 5 9
3 85 22 0 22 0
1 85 4 5 5 10 0
25 Sep 5 2 1 29 3 5
02 85 35 1 2
23 Oct 85 37 4 1 9 8
07 85 5 6 10 9
26 Nov 5 78 6 84 7 1 Fall
Dec 85 4 3 37 8 1
1 Dec 85 82 4 9 6
,46 29 2,76 7
1 101
Table 3 Summary of aerial survey dates (n = 47 surveys)
nd manatee counts, October 1994 to January 1998, Lee
C unty, Florida (AMLEE94, AMLEE97 data sets).
Manatees %
Date Adult Calves Total Calves Quarter
12 Oct 94 46 7 53 13.2 Fall
1 Oct 94 36 1 3 2.7 Fall
22 Nov 94 40 5 45 11.1 Fall
2 Nov 94 1 1 12 123 9.8 Fall
14 Dec 94 51 2 53 3.8 Winter
20 Dec 94 133 27 160 16.9 Winter
10 Jan 95 238 17 255 6.7 Winter
22 Jan 95 217 28 245 11.4 Winter
07 Feb 95 221 33 254 13.0 Winter
23 Feb 95 186 50 236 21.2 Winter
21 Mar 95 205 6 221 7.2 Spring
28 Mar 95 134 12 146 8.2 Spring
27 Apr 95 123 10 133 7.5 Spring
11 May 95 93 7 10 7.0 Spring
25 May 5 169 2 181 6.6 Spring
26 Jun 95 38 2 4 5.0 Summer
25 Jul 95 130 12 142 8.5 Summer
14 Aug 95 92 8 10 8.0 Summer
22 Aug 95 175 14 189 7.4 Summer
13 Sep 95 97 4 101 4.0 Fall
20 Sep 95 11 6 122 4.9 Fall
25 Oct 5 109 8 117 6.8 Fall
15 Nov 95 147 21 168 12.5 Fall
20 Jan 97 374 36 410 8.8 Winter
30 Jan 97 204 37 241 15.4 Winter
13 Feb 97 20 32 234 13.7 Winter
28 Feb 7 109 13 122 10.7 Winter
12 Mar 97 142 28 170 16.5 Spring
28 Mar 97 1 7 16 133 12.0 Spring
30 Apr 97 127 8 135 5.9 Spring
07 May 97 105 8 113 7.1 Spring
28 May 97 105 19 124 15.3 Spring
18 Jun 97 91 9 10 9.0 Summer
25 Jun 97 1 4 10 124 8.1 Summer
0 Jul 97 1 6 18 13 13.4 Summer
24 Jul 97 98 11 109 10.1 Summer
1 Aug 97 105 9 114 7.9 Summer
28 Aug 97 13 14 148 9.5 Summer
0 Sep 97 146 17 163 10.4 Fall
17 Sep 97 71 6 77 7.8 Fall
17 Oct 97 77 8 85 9.4 Fall
28 Oct 97 120 16 136 11.8 Fall
10 Nov 97 11 6 122 4.9 Fall
25 Nov 97 8 7 94 7.5 Fall
1 Dec 97 210 2 232 9.5 Winter
02 Jan 98 142 1 173 17.9 Winter
30 Jan 98 190 31 221 14.0 Winter
Total 6,209 726 6,93 10.5
n = 2,522 groups
Lee County
the 1994–98 surveys were in the right rear seat, 
not the left rear, so the left side of the flight route 
was not covered.
Zones
The study area was divided into 16 geographic 
zones based on geographic features easily 
identifiable from the air (Map 5).
Zone 1—FPL Fort Myers power plant effluent 
(FPL), 
Zone 2—Orange River (OR), 
Zone 3—Upper Caloosahatchee River—I-75 east 
to S.R. 31 (BEA), 
Zone 4—Upper Caloosahatchee River—S.R. 31 
east to Franklin Locks (LOC), 
Zone 5—Upper Caloosahatchee River—Franklin 
Locks east to Alva (ALV), 
Zone 6—Upper Caloosahatchee River—I-75 west 
to Old U.S. 41 bridge (CRU), 
Zone 7—Central Caloosahatchee River—Old U.S. 
41 bridge west to Cape Coral Bridge (CRC), 
Zone 8—Lower Caloosahatchee River—Cape 
Coral Bridge west to Shell Point (CRL), 
Zone 9—San Carlos Bay (SCB), 
Zone 10—Matlacha Pass, South—Sword Point 
north to power lines (MPS), 
Zone 11—Matlacha Pass, Central—power lines 
north to C.R. 78 bridge (MPC), 
Zone 12—Matlacha Pass, North—C.R. 78 bridge 
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Map 5  Sixteen zones used in spatial analysis of aerial surveys of manatee distribution conducted during 1984–85 and 
1994–98 in Lee County, Florida (n = 48 surveys and n = 47 surveys, respectively).
north to Bokeelia (MPN), 
Zone 13—Pine Island Sound, North—Bokeelia 
south to Redfish Pass (PIN),
Zone 14—Pine Island Sound, Central—Redfish 
Pass south to power lines (PIC),
Zone 15—Pine Island Sound, South—between 
the two sets of power lines (PIS), and
Zone 16—Estero Bay (EST).
These zones were pooled for some analyses into 
“rivers” (zones 1–8) and “bays” (zones 9–16). 
Zones varied substantially in size but represented 
areas with distinct sets of counting conditions.
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ENVIRONMENTAL VARIABLES
Environmental data for variables that might influ-
ence survey counts were obtained for each surv y
day. Daily low and high air temperatures, measured
at the Page airport in Fort Myers (°C), were taken from
National Oceanic and Atmospheric Administration
(NOAA) records.Wind speed (knots) and direction (de-
grees) were recorded at takeoff from Federal Avia-
tion Administration (FAA) reports at the Page airport.
When winds were reported as “light and variable,”
wind direction was coded as “missing”and wind speed
as 0.1 knots (0.19 km/hr). Water-surface conditions
(modified Beaufort scale) and percentage of cloud
cover were recorded at the start of each of the 16
Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, January
1984 to December 1985 (n = 48 surveys) and October 1994 to January 1998 (n = 47 surveys), Lee County, Florida (AMLEE94,
AMLEE97 data sets). Mean counts that are not significantly different have the same letter in the column titled Difference of
Means.
No. of Difference %
Time Period Surveys Mean Min Max SD Median of Means Calves
1984–85
Total 48 57.6 14 238 41.8 49 –
Seasons
Cold (Dec.–Feb.) 12 89.8 21 238 62.4 80 A
Warm (Mar.–Nov.) 36 46.9 14 135 25.5 47.5 B
10.4 
11.8
  9.9 
r2 = 0.20, F = 11.59, df = 1,46, P < 0.001
1994–1998
Total 47 147.6 37 410 70.7 133
Seasons
Cold (Dec.–Feb.) 13 218.2 53 410 83.4 234 A
– 9.8 
12.5
Warm (Mar.–Nov.) 34 120.6 37 221 41.7 122.5 B 9.7
r2 = 0.39, F = 28.7, df = 1,45, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
season P < 0.001
time-period*season P = 0.016
r2 = 0.59, F = 43.9, df = 3,91, P < 0.001
1984–1985
Quarters
Winter (Dec.–Feb.) 12 89.8 21 238 62.4 80 A 10.8
Spring (Mar.–May) 11 37.5 18 59 16.5 29 B 11.9
Summer (Jun.–Aug.) 12 45.5 29 65 11.0 47.5 B 10.8
Fall (Sep.–Nov.) 13 56.2 14 135 37.2 49 AB 9.9
r2 = 0.23, F = 4.3, df = 3,44, P < 0.01
1994–1998
Quarters
Winter (Dec.–Feb.) 13 218.2 53 410 83.4 234 A 12.7
Spring (Mar.–May) 10 145.6 100 221 35.9 134 B 9.3
Summer (Jun.–Aug.) 10 120.0 40 189 38.9 119 B 8.9
Fall (Sep.–Nov.) 14 103.1 37 168 40.7 109 B 8.6
r2 = 0.43, F = 11.0, df = 3,43, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
quarter P < 0.001
time-period*quarter P = 0.015
r2 = 0.62, F = 20.0, df = 7,87, P < 0.001
Table 4  Manatee aerial survey counts (mean, minimum, maximum,SD,median, and analysis of variance), by season, January 1984 
to December 1985 (n = 48 surveys) and October 1994 to January 1998 (n = 47 surveys), Lee County, Florida (AMLEE94, AMLEE97 
data sets). Mean counts that are not significantly different have the same letter in the column titled Difference of Means.
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Total 48 57.6 14 238 41.8 4   
Seasons 	   	   	   	   	   	   	   	  
Cold (Dec.–Feb.) 12 89.8 21 238 62.4 8    
Warm (Mar.–Nov.) 36 46.9 14 135 25.5 .   
r2 = 0.20, F = 1.59, df = 1,46, P < 0.001 
1 94–1 98 
 
Total 47 147.6 37 410 70.7 1  –   9.8 
Seasons 	   	   	   	   	   	   	   	  
Cold (Dec.–Feb.) 13 218.2 53 410 83.4 23   12.5 
Warm (Mar.–Nov.) 34 120.6 37 221 41.7 12 .   8.7 
r2 = 0.39, F = 28.7, df = 1,45, P < 0. 01 
1984–85 versus 1994–98 
time-period P < 0. 01 
season P < 0. 01 
time-period*s  P = 0.016 
r2 = 0.59, F = 43.9, df = 3,91, P < 0. 01 
 
1984–1985 
Quarters 
 
Winter (Dec.–Feb.) 12 89.8 21 238 62.4    
Spring (Mar.–May) 11 37.5 18 59 16.5 29  11.9 
Summer (Jun.–Aug.) 12 45.5 29 65 11.0 47.5  10.8 
Fall (Sep.–Nov.) 13 56.2 14 135 37.2   .  
r2 = 0.23, F = 4.3, df = 3,44, P < 0.01 
1994–1998 
Quarters 
 
Winter (Dec.–Feb.) 13 218.2 53 410 83.4 2   .  
Spring (Mar.–May) 10 145.6 100 221 35.9 134 B 9.3 
Summer (Jun.–Aug.) 10 120.0 40 189 38.9 119 B 8.9 
Fall (Sep.–Nov.) 14 103.1 37 168 40.7 109 B 8.6 
r2 = 0.43, F = 11.0, df = 3,43, P < 0.001 
1984–85 versus 1994–98 
time-period P < 0.001 
quarter P < 0.001 
time-period*quarter P = 0.015 
r2 = 0.62, F = 20.0, df = 7,87, P < 0.001 
 
 
 
ENVIRONMENTAL VARIABLES 
Environmental data for variables that might infl 
ence survey counts were obtained for each survey 
day. Daily low and high air temperatures, measured 
at the Page airport in Fort Myers (°C), were taken from 
National  Oceanic  and  Atmospheric  Administration 
(NOAA) records. Wind speed (knots) and direction (de- 
grees) were recorded at takeoff from Federal Avia- 
tion Administration (FAA) reports at the Page airport. 
When winds were reported as “light and variable,” 
wind direction was coded as“missing”and wind speed 
as 0.1 knots (0.19 km/hr). Water-surface conditions 
(modifi Beaufort scale) and percentage of cloud 
cover were recorded at the start of each of he 16 
Environmental Variables
Environmental data for variables that might 
influence survey counts were obtained for each 
survey day. Daily low and high air temperatures, 
measured at the Page airport in Fort Myers 
(°C), were taken from National Oceanic and 
Atmospheric Administration (NOAA) records. 
Wind speed (knots) and direction (degrees) 
were recorded at takeoff from Federal Aviation 
Administration (FAA) reports at the Page 
airport. When winds were reported as “light and 
variable,” wind direction was coded as “missing” 
and wind speed as 0.1 knots (0.19 km/hr). Water-
surface conditions (modified Beaufort scale) 
and percentage of cloud cover were recorded 
at the start of each of the 16 zones. At the end 
of each survey, an overall qualitative rating 
(1 = excellent to 5 = very poor) was assigned. 
This rating integrated the primary observer’s 
subjective perception of weather conditions, 
pilot and observer skill, effective route coverage, 
etc. Two environmental variables, water-surface 
conditions and percentage of cloud cover, were 
also compared between combined River and 
Bay zones within seasons. These were the only 
variables that were recorded by zone during each 
survey.
Results
Counts
1984–1985
A total of 2,765 manatees were seen during 
48 surveys from January 1984 to December 
1985 (Table 2, Figure 1). The mean number of 
manatees seen per survey was 57.6 (SD = 41.8, 
range 14–238, Table 4). Of these, 10.4% were 
calves. Mean group size was 2.51 manatees 
(n = 1,101 groups, SD = 3.17, median = 2, 95th 
percentile = 7, maximum = 52 manatees). The 
highest total count of 238 was made on January 
29, 1985. This was much higher than the second 
highest count of 142 made a month earlier on 
December 20, 1984 (Figure 1). The lowest count 
(14) was made on September 24, 1984.
There was no significant difference in the 
year-round counts made during the two years 
(ANOVA, P = 0.53). However, counts in January–
February 1985 were much higher than those 
made the previous year. The 1984–85 winter 
was colder than the previous one (Packard et al., 
1989). Monthly mean counts changed markedly 
throughout the year. The highest mean counts 
were in January, November, and December 
(x¯ = 106, 103, 87, respectively), and lowest in 
September, April, and March (x¯ = 28, 31, 33). 
Mean counts of 53 in both May and June were 
higher than those in other warm months. About 
39% of the sightings were made from December 
to February and 57% from November to March.
Mean counts during the cold season (December–
February, n = 12 surveys, x¯ = 89.8 manatees, SD 
= 62.4, range 21–238) were significantly higher 
than the mean counts in the warm season 
(March–November, n = 36, x¯ = 46.9, SD = 25.5, 
range 14–135; ANOVA, P = 0.0001, r2 = 0.20, 
Table 4). Means differed significantly among 
quarters (ANOVA, P < 0.01, r2 = 0.23, Table 4). 
Mean counts in winter (December–February) 
were significantly higher than mean counts in 
spring (March–May) and summer (June–August) 
but not fall (September–November), and mean 
counts during the three warm quarters were 
similar. Counts were negatively correlated to air 
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Figure 2  Number of manatees observed per survey (n = 47 
surveys), by month, October 1994 to January 1998, Lee County, 
Florida (AMLEE94, AMLEE97 data sets).
and water temperatures (i.e., counts were high 
when temperatures were low).
1994–1998
A total of 6,935 manatees were seen during 47 
surveys in 1994–98 (23 from October 1994 to 
November 1995 and 24 surveys from January 
1997 to January 1998; Table 3, Figure 2). The 
mean number of manatees seen per survey 
was 147.6 (SD = 70.7, range 37–410, Table 4). Of 
these, 9.8% were calves. Mean group size was 2.8 
manatees (n = 2,522 groups, SD = 3.66, median = 
2, 95th percentile = 8, maximum = 70 manatees). 
The highest total count of 410 on January 20, 1997 
(synoptic survey #1-1997) was much higher than 
the other highest counts of 236–255 manatees 
in January and February, 1995, and 234–241 in 
January and February, 1997 (Table 3, Figure 2). 
The lowest count of 37 was made on October 19, 
1994.
Counts were significantly higher during the cold 
season (n = 13 flights, x¯ = 218.2 manatees, SD = 
83.4, range 53–410) than the warm season (n = 
34, x¯ = 120.6, SD = 41.7, range 37–221; ANOVA, r2 
= 0.39, P < 0.001; Table 4). Monthly mean counts 
changed markedly through the year. Highest 
mean counts were in January, February, and 
March (258, 212, 168, respectively) and lowest in 
October, June, and November (86, 88, 110).
Among quarters, mean counts in winter were
higher than those in the three warm quarters, but 
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Map 6  Cold-season sightings of manatees during aerial surveys in Lee County, Florida (December–February; n = 12 
surveys) from January 1984 to December 1985 (AMLEE data set).
the warm quarters did not differ (ANOVA, r2 = 
0.43, P < 0.001, Table 4). Counts in both winters 
were similar. Neither winter was particularly 
cold, although the intervening winter, 1995–96, 
was cold.
Comparing the counts in the 1984–85 and 1994–
98 time-periods, counts were significantly higher 
in the latter time-period (ANOVA, P < 0.001, 
Table 4, Figures 1, 2). Counts were higher in the 
latter time-period, but some parts of the study 
area were added or covered more intensively. 
Both time-periods had similar changes among 
seasons and quarters. In both time-periods, many 
more manatees were seen during the colder 
months (December–February; 40% of manatee 
sightings from 26% of the surveys; P < 0.001). 
Proportions among seasons were very similar 
between the two time-periods. The raw counts 
increased significantly through time at 9.1%–9.6% 
per year (exponential regression, year-round, r2 = 
0.47, 9.4%/yr, P < 0.001; cold season, December–
February, r2 = 0.45, 9.6%/yr, P < 0.001; warm 
season, April–October, r2 = 0.56, 9.1%/yr, P < 
0.001).
Calves
In 1984–85, the number of calves counted per 
survey ranged from 0 to 28 (x¯ = 6.2, SD = 5.2). 
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Map 7  Warm-season sightings of manatees during aerial surveys in Lee County, Florida (March–November; n = 36 surveys) 
from January 1984 to December 1985 (AMLEE data set).
The mean percentage of calves seen per survey 
was 10.4% (SD = 4.8, range 0.0%–20.0%). 
The percentage of calves was higher in the 
cold season (11.8%) than in the warm season 
(9.9%). The percentage of calves was highest in 
December and January and lowest from July 
through October, possibly reflecting differential 
emigration of single adults of both sexes and 
females with calves. Comparing zones by season, 
the percentages of calves were highest in the 
Orange River in fall (21%) and winter (15%). No 
calves were seen in the Orange River in spring or 
summer.
In 1994–98, the number of calves per survey 
ranged from 1 to 50 (x¯ = 15.4, SD = 10.9). The 
mean percentage of calves seen per survey 
was 9.8% (SD = 4.0, range 2.7%–21.2%). The 
percentage of calves was again higher in the cold 
season (12.5%) than in the warm season (8.7%).
Distribution
Manatees were not evenly distributed 
throughout the survey route. Year-round, the 
most manatees were seen in the Orange River 
(zone 2) and the Caloosahatchee River from 
S.R. 31 bridge to U.S. 41 bridge (zones 3 and 
6), and the fewest were seen in the north and 
central portions of Pine Island Sound (zones 13 
and 14) and the Caloosahatchee River from the 
Franklin Locks to Alva (zone 5). Distribution 
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Map 8  Cold-season sightings of manatees during aerial surveys in Lee County, Florida (December–February; n = 13 
surveys) from October 1994 to January 1998 (AMLEE94 and AMLEE97 data sets).
of manatees between the zones varied between 
cold (December–February, Maps 6, 8) and warm 
seasons (March–November; Maps 7, 9).
During winter, the power plant effluent (zone 1), 
the Orange River (zone 2), and the 
Caloosahatchee River from I-75 to U.S. 41 (zone 
6) had high counts. During the warm season, 
the power plant effluent and the Orange River 
(zones 1 and 2) had very low counts, but the 
Caloosahatchee River from I-75 to U.S. 41 (zone 
6) had the highest. Estero Bay (zone 16) and San 
Carlos Bay (zone 9) also had high counts in the 
warm season.
The seasonal distribution of manatees differed
significantly in the rivers and bays. During 
winter,significantly more manatees were seen 
in the rivers (zones 1–8) than in the bays (zones 
9–16; ANOVA, P = 0.0001), but during the rest 
of the year there was no difference (P = 0.11). 
In winter, significantly more manatees were 
counted in the upper Caloosahatchee River 
(including the Orange River) than in all other 
water bodies. More than 42% of the sightings in 
winter were in the Caloosahatchee River; 21% 
were in the Orange River. These were much 
greater proportions of the manatee sightings than 
would be expected based on the size of the two 
rivers alone. The Caloosahatchee and Orange 
rivers together had 66.4 km2 of water surface 
area, only about 17% of the total area. Although 
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Map 9  Warm-season sightings of manatees during aerial surveys in Lee County, Florida (March–November; n = 34 
surveys) from October 1994 to January 1998 (AMLEE94 and AMLEE97 data sets).
counts of manatees in the Caloosahatchee and 
Orange rivers were highest in winter, some 
manatees were present there year-round. More 
manatees were seen in the rivers than in the 
bays during 52% of the surveys, despite the 
bays accounting for a much larger portion of the 
study area (321.6 km2, 83%). Coastal areas such as 
Matlacha Pass, Estero Bay, and Pine Island Sound 
were most heavily used in the summer and fall 
months.
Discussion
This study confirms the importance of Lee 
County as manatee habitat in Florida. Manatee 
counts were high but varied from survey to 
survey. This is presumably due to differences 
in weather between flight dates, but not due to 
rapid changes in the number of manatees present 
in the study area.
During both time-periods, the counts were a 
significant fraction of the statewide count. At 
the time of the 1984–85 study, the best estimate 
of the minimum manatee population size in 
Florida was 1,200, probably an underestimate 
(O’Shea, 1988; Ackerman, 1995). The high 
count of 238 in this study on January 29, 1985, 
was 20% of that number. Even this is probably 
an underestimate, because after the strongest 
cold front in several years, 338 manatees were 
counted ten days earlier during the FPL power-
plant surveys in the Caloosahatchee and Orange 
rivers alone (Reynolds and Wilcox, 1994). That 
was the largest single aggregation of manatees 
ever recorded at that time anywhere. Using 
Reynolds’ count, Lee County held 38% of the 
1,200 estimate of the minimum population size 
of manatees at that time. The difference in high 
counts is probably because of the date and timing 
of the surveys. To maximize the counts, Reynolds 
scheduled surveys in the afternoon one to two 
days after major cold fronts, when manatees 
were most likely to be at or close to the power 
plant. Reynolds’ high count of 338 occurred on 
an afternoon flight, when many animals were at 
the surface basking (Packard et al., 1989:697). In 
contrast, surveys in this study were scheduled 
during warm periods between cold fronts, in 
accordance with the primary goal of mapping 
more typical manatee winter distribution, such 
as feeding sites away from the power plant. With 
few exceptions, these flights were conducted in 
the morning, when animals were less likely to be 
seen at the surface.
Seasonal Distribution
Little previous information was available on 
the seasonal distribution of manatees in this 
study area. No distributional aerial surveys 
or telemetry studies had been conducted in 
southwest Florida prior to 1984, so year-round 
movement patterns were not well known. 
Counts of manatees showed a strong seasonal 
pattern; counts were lower during the warm 
season (March–November). Manatees were also 
distributed more widely in the warm season. 
Seasonal variability in counts probably resulted 
from a combination of three factors: (1) manatees 
moved in and out of the study area; (2) visibility 
of manatees varied between seasons because 
of changes in environment, manatee behavior, 
and observer perception; and (3) manatees used 
different areas between seasons, where visibility 
factors differed.
The change in the number and distribution of 
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Manatees at the FPL discharge canal in Lee County’s 
Manatee Park in Fort Myers in winter.
manatees from winter to summer is striking 
(Maps 6–9). Winter cold fronts, and the resulting 
lower water and air temperatures, cause 
manatees to gather at the FPL power plant. The 
increase in numbers of manatees counted during 
the winter probably results more from an influx 
of manatees into the study area from other 
counties than from higher visibility in winter. 
When manatees gather in relatively small areas 
such as the warm-water refuge at the power 
plant, they are easier to detect and count than 
when they are dispersed in small groups over 
a wide area. Conducting surveys immediately 
following cold fronts maximizes the counts 
because manatees are most tightly aggregated 
then. During warm periods in winter, manatee 
counts are lower because the animals disperse 
to a variety of habitats or travel to feeding sites 
(Packard et al., 1989).
In 1985–87, manatees that were radio-tagged at 
the power plant in January often used coastal 
portions of Lee County in summer (Lefebvre and 
Frohlich, 1986; Mate et al., 1987; USGS Sirenia 
Project, unpublished data). Most left the study 
area at some time in summer; 77% of the tagged 
manatees left at least once in June. Some tagged 
manatees went south to the Ten Thousand 
Islands and Everglades National Park, and 
some went north to Charlotte Harbor, Sarasota 
Bay, and Tampa Bay. Few stayed in Lee County 
year-round. Manatees tagged by FWC in Lee 
County in 1997 showed a similar pattern (Weigle 
et al., 2001; FWC, unpublished data). Monthly 
mean aerial counts (1984–85) were significantly 
correlated (r2 = 0.54, P < 0.005) with the monthly 
percentage of radio-locations of tagged manatees 
remaining in the study area (1985–87, visual 
locations of VHF radio transmitters, data 
used by permission, Lefebvre and Frohlich). 
Unfortunately, this same comparison could not 
be made for 1985, the only year when the two 
studies overlapped, because radio-tag failure 
resulted in small sample sizes by summer 1985. 
On a monthly basis, as many as 77% (June; 
1985–87) of the tagged manatees were radio-
located outside of the study area at some time, 
and as many as 42% (May) of the locations of 
the radio-tagged manatees were out of the study 
area. Results of five recent telemetry studies in 
southwestern Florida should be compared with 
distribution survey data (Barton and Reynolds, 
2001; Weigle et al., 2001; FWC–FWRI, Mote 
Marine Laboratory, and USGS, unpublished 
data). Preliminary results from these studies 
have shown that radio-tagged manatees move 
between several counties during the course of 
the year. Assessment about interactions of this 
subpopulation with adjacent areas is needed. 
To increase the accuracy of counts, the effects 
and interactions of factors causing visibility bias 
should also be further addressed (Pollock and 
Kendall, 1987).
Percentage of Calves in Counts 
Reynolds and Wilcox (1994) observed that calf 
percentages were higher in winter at the Fort 
Myers aggregation than at any of the east coast 
power plants they surveyed. It is probable that 
the observed percentage of calves is biased 
low and that fluctuations between surveys 
are a function of visibility rather than actual 
changes in numbers. Visibility of calves relative 
to adults depends on several factors, including 
water turbidity, group size, and activity of the 
manatees. In extremely turbid water, it is difficult 
to accurately estimate length of the animals 
when only the nose or head is visible when they 
surface to breath. It is easy to miss calves when 
they are in large groups of manatees, especially 
if the group is active. Calves are more likely to be 
seen when they are in small groups such as cow-
calf pairs than when they are in large groups of 
manatees.
Factors Affecting Counts and 
Visibility Bias
Seasonal changes in counts were related to 
seasonal changes in distribution of manatees in 
the study area. This conclusion was supported by 
movements of radio-tagged manatees in 1985–87 
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(Lefebvre and Frohlich, 1986; Mate et al., 1987; 
USFWS and FDNR, unpublished data) and in 
1991–99 (Weigle et al., 2001; FWC, unpublished 
data). Counts were negatively correlated to air 
and water temperatures.
Detection of manatees may also be affected by 
seasonal changes in distribution. In winter, 
manatees were primarily distributed in the 
Orange and Caloosahatchee rivers near the 
power plant. In summer, they were dispersed 
widely both within and outside of Lee County, 
and some of the environmental variables 
changed spatially across the study area, reducing 
the observed counts in the warm season. For 
example, although waters generally were clearer 
in the coastal areas than in the rivers, surface 
conditions on the wider expanses of water were 
choppier. Manatees were also more likely to use 
residential canals and small creeks in the warm 
season. These are difficult to survey and were not 
generally included in this study. Finally, survey 
effort (min/km2) was lower in the larger coastal 
survey zones. Together, seasonal differences in 
distribution across the study area appeared, in 
part, to cause the lower observed counts in the 
warm season.
Within seasons, other more subtle interactions 
also would probably have affected the counts. 
For instance, the highest count in 1984–85 (238 
on January 29, 1985) occurred on a day when 
the lowest intake water temperature, low air 
temperature, and bright sunlight were combined 
with an afternoon survey time. Manatees were 
basking at the surface where they were highly 
visible. Also, most had dispersed down the 
Orange River and into the Caloosahatchee 
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Manatees gathered in the warm-water outfall of the FPL Fort Myers power plant, Lee County, Florida.
River, probably following a pulse of warmed 
water produced during the morning’s peak 
energy demand. Manatees are easier to count 
when they have slightly dispersed from the 
tight aggregation at the FPL discharge canal 
but are still present in the intensively surveyed 
areas. High counts in winter after cold fronts 
were associated with strong north winds, even 
though poor water-surface conditions occurred 
in the coastal zones away from the power plants. 
Afternoon counts, especially on sunny days in 
winter when manatees are basking, yield higher 
counts.
Habitat Use
The year-round presence of manatees in the 
Caloosahatchee River and throughout Lee 
County shows that the area serves as more 
than just a warm-water refuge (Hartman, 1974; 
Beeler and O’Shea, 1988). Manatee presence 
throughout the year supports historical evidence 
that manatees occurred in Lee County long 
before the construction of the FPL power plant 
in 1958 (Cahn, 1940; Hamilton, 1941; Moore, 
1951a; Layne, 1965). The Caloosahatchee River 
is also important habitat during the warmer 
months. This is surprising, because the rivers in 
Lee County appear to have less abundant aquatic 
vegetation than the bays. Manatees may frequent 
the area for the freshwater outflow or for resting 
in the protected and sometimes secluded finger 
canals.
Matlacha Pass is an important travel route.
Radio-tagged manatees traveled along this 
route between Charlotte Harbor and the 
Caloosahatchee River (Lefebvre and Frohlich, 
1986; Weigle et al., 2001; FWC, unpublished 
data). Counts in Matlacha Pass were highest in 
February, March, and November. Manatees were 
probably migrating between the Caloosahatchee 
River and areas to the north where they spend 
the summer, such as Charlotte Harbor, Sarasota 
Bay, and Tampa Bay.
In 1984–85, the Matlacha Isles canal system, 
with its secondary winter aggregation, was not 
surveyed. In 1994–98, numerous manatees were 
frequently observed there in cold weather. This 
site is probably used during cooler parts of the 
winter, but if the winter is very cold, manatees 
leave to go to the power plant (Barton and 
Reynolds, 2001). The highest count at Matlacha 
Isles was 125 on March 1, 2002, during a warm 
winter (Reynolds, 2002; Synoptic survey #1-
2002).
In Pine Island Sound, there are abundant 
seagrass beds, but manatee use of them was 
unexpectedly low. This could possibly be due to 
the lower level of aerial-survey effort. Pine Island 
Sound was the largest zone surveyed, and it was 
covered in only three long transects. This resulted 
in the lowest survey effort (min/km2) of the 
study. However, we believe that the low numbers 
of manatees seen reflect more than just this 
sample bias. Radio-tagged manatees also showed 
low use of this area (Lefebvre and Frohlich, 1986; 
Weigle et al., 2001; FWC, unpublished data). 
Many of the seagrass beds in Pine Island Sound 
are dense but are in shallow water. Manatees 
may not use them during normal tide cycles. 
Of the water bodies in Lee County, Pine Island 
Sound is the least protected from the wind 
and is the most saline. The area appears to be 
underused as habitat and illustrates the need for 
further investigation into the factors constituting 
good manatee habitat.
Management Implications
Lee County contains one of the largest winter 
aggregations of manatees in the United States. 
Results of this study indicate that Lee County 
has an important year-round manatee population 
as well. A high priority of the Florida Manatee 
Recovery Plan (USFWS, 2001) is the development 
of site-specific manatee protection plans. Strong 
protection measures have been developed by 
the FWC and the Lee County Department of 
Natural Resources Management. There are 
sufficient numbers of manatees present in all 
waters of Lee County to merit year-round 
management strategies. Protection efforts in Lee 
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County benefit a wide geographical area, because 
manatees wintering in Lee County disperse over 
a large area during the warmer months.
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Manatees aggregating in the Orange River in winter, Lee County Florida. Photo by Holly Edwards, FWC.
Introduction
Published reports of manatees in Collier County 
go back to 1940 (Cahn, 1940; Moore, 1951a; 
Layne, 1965; Beeler and O’Shea, 1988). Hartman 
(1974) indicated that the Ten Thousand Islands 
in Collier County were a center of activity for a 
large number of manatees. The first aerial survey 
of manatees that included the Ten Thousand 
Islands was part of a statewide survey conducted 
during the winter and summer of 1976 (Irvine 
and Campbell, 1978). From July through December 
1979, portions of Collier County were included 
in six surveys covering the entire southwestern 
coast of Florida (Irvine et al., 1982). During 1984 
and 1985, the Florida Department of Natural 
Resources (FDNR, part of which became part 
of the Florida Fish and Wildlife Conservation 
Commission [FWC]) conducted year-round, 
twice-monthly surveys over most of Lee 
County’s waters (Chapter 15, this volume). These 
were the only aerial surveys done in south- 
western Florida prior to this study.
Aerial surveys of various areas in Collier County 
by FDNR began in 1986 and continued until 1993.
This chapter addresses the surveys from 1986 to 
1990 in Collier County (Wiggins Pass, Naples, 
Marco Island, Port of the Islands, Everglades 
City, and Ochopee). See Chapter 17, this volume, 
for information on the FWC’s Fish and Wildlife 
Research Institute (FWRI) surveys that covered 
the entire Ten Thousand Islands area from 1991 
until 1993.
The raw data from some of these aerial surveys 
(AMMC90, AMWMC, AMPRT, FTMC90, 
FTWMC, FTPRT) are in GIS format and 
are included on the FWC–FWRI CD–ROM 
(FWC, 2000). The others (ASGLAD, ASNAPL, 
ASOCHO, ASWIG, FTGLAD, FTNAPL, 
FTOCHO, FTWIG) can be requested from FWC. 
Some are on the FWC website http://ocean.
floridamarine.org/mrgis/Description_Layers_
Marine.htm#marmam.  
Methods
Study Area
Collier County, located on Florida’s southwestern 
coast, is Florida’s third-largest county in 
land area (5,488 km2). The coastal portion of 
the county extends from 26°20′N to 25°49′N 
(approximately 80 km north to south), but the 
actual length of coastline is almost impossible to 
measure because of the numerous bays, sounds, 
inlets, rivers, creeks, and literally thousands of 
islands. Collier County has one of the highest 
metropolitan growth rates in Florida and the 
United States; the human population grew 
from 38,040 in 1970 to 251,377 in 2000 (Florida 
Association of Counties, 2000; U.S. Census 
Bureau Web site).
Collier County is estuarine, receives fresh water 
from numerous creeks and drainage canals, and 
is tidally influenced. Natural estuarine shorelines 
are characterized by mangrove forest. Some areas 
of shallow water are characterized by mud or 
tidal flats and oyster bars. Marine seagrass beds 
Chapter 16__________
Summary of Manatee Surveys of Selected  
Areas in Collier County, Florida, 1986–1990
R. Kipp Frohlich
R. Kipp Frohlich, Florida Fish and Wildlife 
Conservation Commission, Fish and Wildlife 
Research Institute, 100 Eighth Avenue S.E., St. 
Petersburg, FL 33701 USA. Present address: R. K. 
Frohlich, Deputy Division Director, Habitat and Species 
Conservation, Florida Fish and Wildlife Conservation 
Commission, 620 South Meridian Street, Tallahassee, FL 
32399 USA.
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are composed of several species including turtle-
grass (Thalassia testudinum), shoal-grass (Halodule 
wrightii), manatee-grass (Syringodium filiforme), 
star-grass (Halophila engelmannii), and various 
marine algae. Widgeon-grass (Ruppia maritima) 
is found in areas of brackish water. The southern 
portion of the county includes the Everglades 
saw-grass community.
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Map 1  Six study areas covered in aerial surveys of manatee distribution within Collier County, Florida, 1986–1993.
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Map 1  Six study areas covered in aerial surveys of manatee distribution within Collier County, Florida, 1986–1993. 
 
Wiggins Pass (1987–1988) 
 
The Wiggins Pass study area began at the Lee–Collier 
county line. It included a marked channel from Little 
Hickory Bay to Wiggins Pass, the Cocohatchee River, 
and the marked and partially dredged waterway from 
Wiggins Pass south to the dredged canals of Naples 
Park (Map 2).The marked channel from Little Hickory 
Bay s th to Wiggins Pass (4 km) is circuitous and 
very shallow in places. Numerous oyster bars, man- 
grove islands, and creeks typify the area. Wiggins Pass 
is a dynamic system that often has significant shoals 
Table 1  Summary of aerial surveys of manatee distribution, six study areas, Collier County, Florida, 1986 to 1993. 
 
 
 
Study	  Area	  
 
 
Dates	  of	  Surveys	  
 
Number	  
of	  Surveys	  
Total	  
Number	  of	  
Manatees	  
Mean	  Number	  
of	  Manatees	  
per	  Survey	  
 
 
Range	  
Wiggins Pass Mar. 1987–Feb. 1988 24 17 0.7 0–4 
Naples Area Jan. 1986–Jan. 1987 25 167 6.7 0–27 
Marco Island Jan. 1989–Dec. 1990 47 1,973 42.0 4–81 
Port of the Islands Jan. 1986–Dec. 1993 175 5,562 31.8 2–102 
Everglades City Jan. 1986–Jan. 1987 25 67 2.7 0–8 
Ochopee Mar. 1987–Dec. 1988 44 98 2.2 0–17 
Total 	   	   7,884 	   	  
Table 1  Summary of aerial surveys of manatee distribution, s x study areas, Collier County, Florida, 1986 to 1993.
 r a                    s f Sur ys                                                                                                    
r
f S rv ys
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Map 2  Flight path followed during aerial surveys of manatee distribution in Wiggins Pass, Collier County, Florida (n = 
24 surveys) from March 1987 to February 1988 (FTWIG data set).
Prior to this survey, there had not been a 
comprehensive study of manatee distribution 
in Collier County. The only information on 
manatee distribution was from short studies of 
specific areas that were initiated in 1986. Some of 
the areas were surveyed for only eight months, 
others for two years, and one, Port of the Islands, 
was surveyed for eight years (1986–93). One later 
study, that of the Ten Thousand Islands (1991–
1993), included portions of Collier and Monroe 
counties and is described in Chapter 17, this 
volume. The study areas covered in this chapter 
(Map 1) are listed in Table 1.
Wiggins Pass (1987-1988)
The Wiggins Pass study area began at the Lee–
Collier county line. It included a marked channel 
from Little Hickory Bay to Wiggins Pass, the 
Cocohatchee River, and the marked and partially 
dredged waterway from Wiggins Pass south 
to the dredged canals of Naples Park (Map 2). 
The marked channel from Little Hickory Bay 
south to Wiggins Pass (4 km) is circuitous and 
very shallow in places. Numerous oyster bars, 
mangrove islands, and creeks typify the area. 
Wiggins Pass is a dynamic system that often has 
significant shoals west of the pass in the Gulf of 
Mexico. During tide changes, the water moves 
swiftly over the shoals. Naples Park is a series 
of dredged canals that have been stabilized with 
bulkheads or seawalls, and the shoreline is lined 
with docks. The Wiggins Pass study area was 
surveyed 24 times, twice per month from March 
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Table 2 Summary of Wiggins Pass aerial survey dates (n 
= 24 surveys) and manatee counts, Collier County, Florida, 
March 1987 to February 1988 (ASWIG). 
Table 3 Summary of Naples aerial survey dates (n = 25 
surveys) and manatee counts, Collier County, Florida, 
January 1986 to January 1987 (ASNAPL). 
 
	   Manatees	   %	   	  	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	  Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Mar 87 0 0 0 – Spring 	  16 Jan 86 0 0 0 – Winter 
13 Mar 87 0 0 0 – Spring 	  20 Jan 86 3 1 4 25.0 Winter 
09 Apr 87 0 0 0 – Spring 	  25 Feb 86 0 0 0 – Winter 
24 Apr 87 0 0 0 – Spring 	  26 Feb 86 2 1 3 33.3 Winter 
08 May 87 2 0 2 0.0 Spring 	  24 Mar 86 1 0 1 0.0 Spring 
18 May 87 0 0 0 – Spring 	  31 Mar 86 2 0 2 0.0 Spring 
03 Jun 87 1 0 1 0.0 Summer 	  17 Apr 86 2 0 2 0.0 Spring 
12 Jun 87 1 0 1 0.0 Summer 	  23 Apr 86 5 0 5 0.0 Spring 
08 Jul 87 3 1 4 25.0 Summer 	  14 May 86 7 0 7 0.0 Spring 
22 Jul 87 1 1 2 50.0 Summer 	  23 May 86 7 0 7 0.0 Spring 
03 Aug 87 2 1 3 33.3 Summer 	  10 Jun 86 16 3 19 15.8 Summer 
20 Aug 87 1 0 1 0.0 Summer 	  24 Jun 86 24 3 27 11.1 Summer 
09 Sep 87 2 0 2 0.0 Fall 	  16 Jul 86 10 2 12 16.7 Summer 
23 Sep 87 1 0 1 0.0 Fall 	  24 Jul 86 9 1 10 10.0 Summer 
08 Oct 87 0 0 0 – Fall 	  15 Aug 86 17 0 17 0.0 Summer 
15 Oct 87 0 0 0 – Fall 	  28 Aug 86 9 0 9 0.0 Summer 
09 Nov 87 0 0 0 – Fall 	  06 Sep 86 6 0 6 0.0 Fall 
16 Nov 87 0 0 0 – Fall 	  19 Sep 86 5 0 5 0.0 Fall 
04 Dec 87 0 0 0 – Winter 	  03 Oct 86 7 1 8 12.5 Fall 
14 Dec 87 0 0 0 – Winter 	  01 Nov 86 8 3 11 27.3 Fall 
12 Jan 88 0 0 0 – Winter 	  06 Nov 86 1 0 1 0.0 Fall 
28 Jan 88 0 0 0 – Winter 	  24 Nov 86 3 0 3 0.0 Fall 
11 Feb 88 0 0 0 – Winter 	  02 Dec 86 1 0 1 0.0 Winter 
16 Feb 88 0 0 0 – Winter 	  16 Dec 86 1 0 1 0.0 Winter 
Total 14 3        17     17.6 
 
 
 
west of the pass in the Gulf of Mexico. During tide 
changes, the water moves swiftly over the shoals. 
Naples Park is a series of dredged canals that have been 
stabilized with bulkheads or seawalls, and the shore- 
line is ned with docks. The Wiggins Pass study area 
w s surveyed 24 times, t ice per month from March 
1987 to February 1988 (Tables 1, 2). 
 
Naples Bay and Surrounding Waters 
(1986–1987) 
 
The Naples Bay study area was located in the vicinity 
of Naples. The survey path extended from the 
Gordon River south to Rookery Bay (Map 3) and was 
subdivided into four zones for analysis (Map 4).This 
zone also in- clude  parts of the Rookery Bay Aquatic 
Preserve and Rookery Bay National Estuarine 
Research Reserve. 
The Naples Bay study area was surveyed 25 times, 
twice per month from January 1986 to January 1987 (Ta- 
bles 1, 3). Gordon River (zone 1) and Halloway Island 
and Rookery Bay (zone 4) were added soon after the 
study began but were surveyed only 21 times each. 
07  Jan    87 5 1 6       16.7    Winter 
Total 151       16      167       9.6 
 
 
1 Gordon River (GOR). The upper reach of the 
Gordon River is channelized and terminates at a weir 
that discharges fresh water. The river is generally dark 
and turbid. Shoreline vegetation includes native man- 
groves and exotics such as Australian pine (Casuarina 
spp.) and Brazilian pepper (Schinus terebinthifolius). 
Parts of the shoreline are stabilized with bulkheads. Sin- 
gle-family resi ences, mu tifa ily dev lopments, and 
commercial businesses, including at least one marina, 
are located on the shores. The study area included the 
waters from the weir south to the U.S. 41 bridge (ap- 
proximately 4 km). 
2 Naples Bay (NAP). This area extended from 
U.S. 41 south to channel marker 71A and west to Gor- 
don Pass, including the residential canals of Point 
Royal. Naples Bay is a highly developed area that in- 
cludes numerous residential, single-family neigh- 
borhoods with accompanying docks and boats and a 
central marina district with both recreational and 
small commercial marinas. There are several heavily 
used boat ramps in this zone. 
3 Dollar Bay (DOL). The area from channel 
l    r  of iggins Pass aerial survey dates (n = 24 
surveys) and manatee counts, Collier County, Florida, March 
1987 to February 1988 (ASWIG).
Table 3  Su mary of Naples aerial s r e   (n = 25 surveys) 
and manatee counts, Collier County, Florida, January 1986 to 
January 1987 (ASNAPL).
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Table 2 Su mary of Wiggins Pass aerial survey dates (n 
= 24 surveys) and m natee counts, llier County, Florida, 
March 1987 to February 1988 (ASWIG). 
le   of Naples aerial survey dates (n = 25 
surveys) and m natee counts, Collier County, Florida, 
J  6 to January 1987 (ASNAPL). 
 
	   Manatees	   %	   	  	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	  Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Mar 87 0 0 0 – Spring 	  16 Jan 86 0 0 0 – Winter 
13 Mar 87 0 0 0 – Spring 	  20 Jan 86 3 1 4 25.0 Winter 
09 Apr 87 0 0 0 – Spring 	  25 Feb 86 0 0 0 – Winter 
24 Apr 87 0 0 0 – Spring 	  26 Feb 86 2 1 3 3 .3 Winter 
08 May 87 2 0 2 .0 Spring 	  24 Mar 86 1 0 1 .0 Spring 
18 May 87 0 0 0 – Spring 	  31 Mar 86 2 0 2 .0 Spring 
03 Jun 87 1 0 1 .0 Su mer 	  17 Apr 86 2 0 2 .0 Spring 
12 Jun 87 1 0 1 .0 Su mer 	  23 Apr 86 5 0 5 .0 Spring 
08 Jul 87 3 1 4 25.0 Su mer 	  14 May 86 7 0 7 .0 Spring 
22 Jul 87 1 1 2 5 .0 Su mer 	  23 May 86 7 0 7 .0 Spring 
03 Aug 87 2 1 3 3 .3 Su mer 	  10 Jun 86 16 3 19 15.8 Su mer 
20 Aug 87 1 0 1 .0 Su mer 	  24 Jun 86 24 3 27 1 .1 Su mer 
09 Sep 87 2 0 2 .0 Fall 	  16 Jul 86 10 2 12 16.7 Su mer 
23 Sep 87 1 0 1 .0 Fall 	  24 Jul 86 9 1 10 1 .0 Su mer 
08 Oct 87 0 0 0 – Fall 	  15 Aug 86 17 0 17 .0 Su mer 
15 Oct 87 0 0 0 – Fall 	  28 Aug 86 9 0 9 .0 Su mer 
09 Nov 87 0 0 0 – Fall 	  06 Sep 86 6 0 6 .0 Fall 
16 Nov 87 0 0 0 – Fall 	  19 Sep 86 5 0 5 .0 Fall 
04 Dec 87 0 0 0 – Winter 	  03 Oct 86 7 1 8 12.5 Fall 
14 Dec 87 0 0 0 – Winter 	  01 Nov 86 8 3 11 27.3 Fall 
12 Jan 88 0 0 0 – Winter 	  06 Nov 86 1 0 1 .0 Fall 
28 Jan 88 0 0 0 – Winter 	  24 Nov 86 3 0 3 .0 Fall 
11 Feb 88 0 0 0 – Winter 	  02 Dec 86 1 0 1 .0 Winter 
16 Feb 88 0 0 0 – Winter 	  16 Dec 86 1 0 1 .0 Winter 
Total 14 3    17    17.6 
 
 
 
west of the pass in the Gulf of Mexico. During tide 
changes, the water move  swiftly over the shoals. 
Naples Park is a series of dredged c nals that have been 
stabilized with bulkheads or seawalls, and the shore- 
line is lined with docks. The Wiggins Pass study area 
wa  surv yed 24 imes, twice per month from March 
1987 to February 1988 (Tables 1, 2). 
 
Naples Bay and Surrounding Waters 
(1986–1987) 
 
The Naples Bay study area was located in the vic nity 
of Naples. The survey path extended from the 
Gordon River south to Rookery Bay (Map 3) and was 
subd vi ed in o four zones for analysis (Map 4).This 
zone also in- clu ed parts of the Rookery Bay Aquatic 
Pr serve and Rookery Bay National Estuarine 
R search R serve. 
The Naples Bay study area was surv yed 25 times, 
twice per month from January 1986 to January 1987 (Ta- 
bles 1, 3). Gordon River (zone 1) and Halloway Island 
and Rookery Bay (zone 4) w re ad ed soon after the 
study began but w re surv yed only 21 times each. 
07  Jan    87 5 1 6       16.7    Winter 
Total 151    16    167    9.6 
 
 
1 Gordon River (GOR). The upper reach of the 
Gordon River is channelized and terminates at a weir 
that discharges fresh water. The river is generally dark 
and turbid. Shoreline v ge atio  includes native man- 
groves and exotics such as Australian pine (Casuarina 
spp.) and Brazilian pepper (Schinus t rebinthifolius). 
Parts of the shoreline are stabilized with bul heads. Sin- 
gle-fa ily r sidences, multifamily d velopments, nd 
co mercial busines es, including at least one marina, 
are located on the shores. The study area included the 
waters from the weir south to the U.S. 41 bridge (ap- 
proximately 4 km). 
2 Naples Bay (NAP). This area extended from 
U.S. 41 south to channel marker 71A and west to Gor- 
don Pass, including the resid ntial can ls of P int 
Royal. Napl s Bay is a highly dev loped area that in- 
cludes numerous residential, single-family neigh- 
borhoods with accompanying docks and boats and a 
central marina district with both recreational and 
small co mercial marinas. Th re are several heavily 
used boat ramps in this zone. 
3 Dollar Bay (DOL). The area from channel 
t            Adults  Calve   ot    C   Quarter
Man s %
t            Adults  Calv   ot    C   Quarter
Mana s %
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Map 3  Flight path followed during aerial surveys of manatee distribution in Naples Bay, Collier County, Florida (n = 
25 surveys) from January 1986 to January 1987 (FTNAPL data set).
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Map 4  Four zones used in spatial analysis of aerial surveys of manatee distribution conducted from January 1986 to 
January 1987 in Naples Bay, Collier County, Florida (n = 25 surveys).
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Map 5  Flight path followed during aerial surveys of manatee distribution in Marco Island, Collier County, Florida (n = 
47 surveys) from January 1989 to December 1990 (FTMC90 data set).
1987 to February 1988 (Tables 1, 2).
Naples Bay and Surrounding
Waters (1986-1987)
The Naples Bay study area was located in the 
vicinity of Naples. The survey path extended 
from the Gordon River south to Rookery Bay 
(Map 3) and was subdivided into four zones for 
analysis (Map 4).This zone also included parts of 
the Rookery Bay Aquatic Preserve and Rookery 
Bay National Estuarine Research Reserve.
The Naples Bay study area was surveyed 25 
times, twice per month from January 1986 to 
January 1987 (Tables 1, 3). Gordon River (zone 1) 
and Halloway Island and Rookery Bay (zone 4) 
were added soon after the study began but were 
surveyed only 21 times each.
1  Gordon River (GOR). The upper reach of the 
Gordon River is channelized and terminates at 
a weir that discharges fresh water. The river is 
generally dark and turbid. Shoreline vegetation 
includes native mangroves and exotics such as 
Australian pine (Casuarina spp.) and Brazilian 
pepper (Schinus terebinthifolius). Parts of the 
shoreline are stabilized with bulkheads. Single-
family residences, multifamily developments, 
and commercial businesses, including at least one 
marina, are located on the shores. The study area 
included the waters from the weir south to the 
U.S. 41 bridge (approximately 4 km).
2  Naples Bay (NAP). This area extended from
U.S. 41 south to channel marker 71A and west to 
Gordon Pass, including the residential canals of 
Point Royal. Naples Bay is a highly developed 
area that includes numerous residential, single-
family neighborhoods with accompanying docks 
and boats and a central marina district with both 
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Table 4  Summary of Marco Island aerial survey dates (n = 47 surveys) and manatee counts, Collier County, Florida, January 1989 to 
December 1990 (AMWMC, AMMC90).
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Table 4  Summary of Marco Island aerial survey dates (n = 47 surveys) and manatee counts, Collier County, Florida, January 
1989 to December 1990 (AMWMC, AMMC90). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Jan 89 15 0 15 0.0 Winter 	   23 Jan 90 8 3 11 27.3 Winter 
19 Jan 89 22 1 23 4.3 Winter 	   13 Feb 90 10 0 10 0.0 Winter 
27 Feb 89 30 8 38 21.1 Winter 	   20 Feb 90 20 1 21 4.8 Winter 
16 Mar 89 37 3 40 7.5 Spring 	   09 Mar 90 24 1 25 4.0 Spring 
29 Mar 89 19 0 19 0.0 Spring 	   27 Mar 90 43 2 45 4.4 Spring 
13 Apr 89 35 1 36 2.8 Spring 	   16 Apr 90 37 4 41 9.8 Spring 
21 Apr 89 49 1 50 2.0 Spring 	   19 Apr 90 50 2 52 3.8 Spring 
17 May 89 61 3 64 4.7 Spring 	   18 May 90 65 6 71 8.5 Spring 
01 Jun 89 65 5 70 7.1 Summer 	   29 May 90 37 3 40 7.5 Spring 
15 Jun 89 34 2 36 5.6 Summer 	   12 Jun 90 75 3 78 3.8 Summer 
28 Jun 89 44 3 47 6.4 Summer 	   14 Jun 90 78 3 81 3.7 Summer 
12 Jul 89 35 3 38 7.9 Summer 	   26 Jul 90 54 1 55 1.8 Summer 
25 Jul 89 29 2 31 6.5 Summer 	   27 Jul 90 56 2 58 3.4 Summer 
09 Aug 89 32 1 33 3.0 Summer 	   17 Aug 90 69 4 73 5.5 Summer 
28 Aug 89 46 5 51 9.8 Summer 	   21 Aug 90 69 3 72 4.2 Summer 
14 Sep 89 37 5 42 11.9 Fall 	   11 Sep 90 44 4 48 8.3 Fall 
21 Sep 89 43 5 48 10.4 Fall 	   20 Sep 90 64 4 68 5.9 Fall 
23 Oct 89 30 1 31 3.2 Fall 	   16 Oct 90 58 3 61 4.9 Fall 
25 Oct 89 55 2 57 3.5 Fall 	   29 Oct 90 40 2 42 4.8 Fall 
22 Nov 89 22 2 24 8.3 Fall 	   08 Nov 90 45 4 49 8.2 Fall 
28 Nov 89 26 2 28 7.1 Fall 	   19 Nov 90 47 5 52 9.6 Fall 
12 Dec 89 4 0 4 0.0 Winter 	   10 Dec 90 39 4 43 9.3 Winter 
19 Dec 89 10 2 12 16.7 Winter 	   18 Dec 90 33 2 35 5.7 Winter 
18  Jan 90 5 0 5 0.0 Winter Total 1,850 123  1,973 6.2 
 
 
marker 71A south to marker 49 is shallower than Naples 
Bay and has numerous oyster bars.The shoreline is gen- 
erally natural and is fringed principally by mangroves. 
4   Halloway Island and Rookery Bay (ROO).This 
area extended from channel marker 49 along the marked 
channel to marker 23 into Rookery Bay and along the 
northeast shore of Halloway Island. The area consists 
ma ly of a narrow, marked channel with lit le shore- 
line development. In addition there are num rous tidal 
creeks created by the adjacent mangrove islands. 
 
Marco Island (1989–1990) 
 
Marco Island is located 27 km southeast of Naples 
(21). Marco Island is one of Florida’s largest coastal 
land-development projects. Kilometers of dredged 
canals and seawalled uplands were created from coastal 
wetlands and seagrass beds in the 1960s.The study area 
encompassed most of the coastal waters surrounding 
Marco Island in west-central Collier County (Map 5). 
Major water bodies included Rookery Bay, Henderson 
Creek, Little Marco Pass, Johnson Bay, Collier Bay, Big 
Marco Pass,Tarpon Bay, McIlvane Bay, Addison Bay, Big 
Marco River, Goodland Bay, Coon Key Pass, Blue Hill 
 
 
Creek, Barfield Bay, Roberts Bay, Caxambas Bay, and 
Caxambas Pass. This included parts of Rookery Bay 
Aquatic Preserve and Rookery Bay National Estuarine 
Research Reserve. Outside of the Marco Island devel- 
opment, most shorelines and waterways are natural and 
have undevelo ed beaches and mangrove forest. Gen- 
erally these waterways are shall w and h ve mazelike 
passages formed by oyster bars. Water clarity varies but 
is usually clearer near the inlets and gulf and more tur- 
bid in the inland bays and creeks. Tidal currents can 
be strong at the inlets and in the Big Marco River. 
The surveys also covered the extensive dredged- 
canal system of Marco Island. Development on the is- 
land consists mostly of single-f mily residences with 
accompanying bulkheads, docks, and boats. Many 
multifamily developments are also located on Marco 
Island and have community docking facilities. During 
surveys, the clarity in the canals of Marco Island var- 
ied from very turbid to fairly clear.
The Marco Island study area was surveyed 47 
times, twice per month from January 1989 to Decem- 
ber 1990 (Tables 1, 4). A second February survey in 
1989 was missed, and the second survey for May 1989 
was actually made on June 1. 
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Table 4  Su mary of Marco Island aerial survey dates (n = 47 surveys) and m natee counts, Collier County, Florida, January 
1 89 to D cember 1990 (AMWMC, A MC90). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Jan 89 15 0 15 .0 Winter 	   23 Jan 90 8 3 11 27.3 Winter 
19 Jan 89 22 1 23 4.3 Winter 	   13 Feb 90 10 0 10 .0 Winter 
27 Feb 89 30 8 38 2 .1 Winter 	   20 Feb 90 20 1 21 4.8 Winter 
16 Mar 89 37 3 40 7.5 Spring 	   09 Mar 90 24 1 25 4.0 Spring 
29 Mar 89 19 0 19 .0 Spring 	   27 Mar 90 43 2 45 .4 Spring 
13 Apr 89 35 1 36 2.8 Spring 	   16 Apr 90 37 4 41 9.8 Spring 
21 Apr 89 49 1 50 2.0 Spring 	   19 Apr 90 50 2 52 3.8 Spring 
17 May 89 61 3 64 4.7 Spring 	   18 May 90 65 6 71 8.5 Spring 
01 Jun 89 65 5 70 7.1 Su mer 	   29 May 90 37 3 40 7.5 Spring 
15 Jun 89 34 2 36 5.6 Su mer 	   12 Jun 90 75 3 78 3.8 Su mer 
28 Jun 89 44 3 47 6.4 Su mer 	   14 Jun 90 78 3 81 3.7 Su mer 
12 Jul 89 35 3 38 7.9 Su mer 	   26 Jul 90 54 1 55 1.8 Su mer 
25 Jul 89 29 2 31 6.5 Su mer 	   27 Jul 90 56 2 58 3.4 Su mer 
09 Aug 89 32 1 33 3.0 Su mer 	   17 Aug 90 69 4 73 .5 Su mer 
28 Aug 89 46 5 51 9.8 Su mer 	   21 Aug 90 69 3 72 4.2 Su mer 
14 Sep 89 37 5 42 11.9 Fall 	   11 Sep 90 44 4 48 8.3 Fall 
21 Sep 89 43 5 48 10.4 Fall 	   20 Sep 90 64 4 68 5.9 Fall 
23 Oct 89 30 1 31 3.2 Fall 	   16 Oct 90 58 3 61 4.9 Fall 
25 Oct 89 55 2 57 3.5 Fall 	   29 Oct 90 40 2 42 4.8 Fall 
22 Nov 89 22 2 24 8.3 Fall 	   08 Nov 90 45 4 49 8.2 Fall 
28 Nov 89 26 2 28 7.1 Fall 	   19 Nov 90 47 5 52 9.6 Fall 
12 Dec 89 4 0 4 .0 Winter 	   10 Dec 90 39 4 43 9.3 Winter 
19 Dec 89 10 2 12 16.7 Winter 	   18 Dec 90 33 2 35 5.7 Winter 
18  Jan 90 5 0 5 .0 Winter Total 1,850 123  1,973 6.2 
 
 
marker 71A south to marker 49 is shallower than Naples 
Bay and has numerous oyster bars.The shoreline is gen- 
erally natural and is fringed principally by mangroves. 
4   Halloway Island and Rookery Bay (R O).This 
area exten ed from channel marker 49 along the marked 
channel to marker 23 into Rookery Bay and along the 
northeast shore of Halloway Island. The area consi ts 
mainly a narrow, marked channel with little shore- 
line development. In additi n t re are numerous tidal 
creeks created by the adjacent mangrove islands. 
 
Marco Island (1989–1 90) 
 
Marco Island is located 27 km southeast of Naples 
(21). Marco Island is one of Florida’s largest coastal 
lan -development projects. Kilom ters of dredged 
canals and seawalled uplands w re created from coastal 
wetlands and seagrass beds in the 1960s.The study area 
encompassed most of the coastal water  surrounding 
Marco Island in west-central Collier County (Map 5). 
Major water bodies nclud d Rookery Bay, Henderson 
Creek, Little Marco Pass, Johnson Bay, Collier Bay, Big 
Marco Pass,Tarpon Bay, McIlvane Bay, Addison Bay, Big 
Marco River, Goodland Bay, Coon Key Pass, Blue Hill 
 
 
Creek, Barfield Bay, Roberts Bay, Caxambas Bay, and 
Caxambas Pass. This included parts of Rookery Bay 
Aquatic Pr serve and Rookery Bay National Estuarine 
R search R serve. Outside of the Marco Islan  devel- 
opment, mo t shorelines and waterways are natur l and 
have undeveloped beaches and mangrove forest. Gen- 
erally th se waterways are shal ow and have maz like 
passages formed by oyster bars. Water clarity varies but 
is sually clea er near the inlets and gulf and more tur- 
bid in the inland bays and creeks. Tidal currents can 
be strong at the inlets and in the Big Marco River. 
The surveys also cov red th  extensive dredged- 
canal system of Marco Island. Development on the is- 
land con i ts mostly of single-family residences with 
accompanying bulkheads, docks, and boats. Many 
multifamily developments are also located on Marco 
Island and have co munity docking facilities. During 
surveys, the clarity in the canals of Marco Island var- 
ied from very turbid to fairly clear. 
The Mar o Island study area wa  surveyed 47 
times, twice per month from January 1 89 to D cem- 
ber 1990 (Tables 1, 4). A second February survey in 
1 89 was missed, and the second survey for May 1 89 
was actually made on June 1. 
te           Adults  Calv s  Total   C l s   Quarter
Man s %
t            ults  alves  Total   alves  uart r
anat e
recreational and small commercial marinas. There 
are several heavily used boat ramps in this zone.
3  Dollar Bay (DOL). The area from channel 
marker 71A south to marker 49 is shallower 
than Naples Bay and has numerous oyster bars.
The shoreline is generally natural and is fringed 
principally by mangroves. 
4  Halloway Island and Rookery Bay (ROO).
This area extended from channel marker 49 
along the marked channel to marker 23 into 
Rookery Bay and along the northeast shore of 
Halloway Island. The area consists mainly of 
a narrow, marked channel with little shoreline 
development. In addition there are numerous 
tidal creeks created by the adjacent mangrove 
islands.
Marco Island (1989-1990) 
Marco Island is located 27 km southeast of 
Naples (21). Marco Island is one of Florida’s 
largest coastal land-development projects. 
Kilometers of dredged canals and seawalled 
uplands were created from coastal wetlands 
and seagrass beds in the 1960s. The study 
area encompassed most of the coastal waters 
surrounding Marco Island in west-central 
Collier County (Map 5). Major water bodies 
included Rookery Bay, Henderson Creek, Little 
Marco Pass, Johnson Bay, Collier Bay, Big Marco 
Pass,Tarpon Bay, McIlvane Bay, Addison Bay, Big 
Marco River, Goodland Bay, Coon Key Pass, Blue 
Hill Creek, Barfield Bay, Roberts Bay, Caxambas 
Bay, and Caxambas Pass. This included parts 
of Rookery Bay Aquatic Preserve and Rookery 
Bay National Estuarine Research Reserve. 
Outside of the Marco Island development, most 
shorelines and waterways are natural and have 
undeveloped beaches and mangrove forest. 
Generally these waterways are shallow and have 
mazelike passages formed by oyster bars. Water 
clarity varies but is usually clearer near the inlets 
and gulf and more turbid in the inland bays and 
creeks. Tidal currents can be strong at the inlets 
and in the Big Marco River.
The surveys also covered the extensive dredged- 
canal system of Marco Island. Development 
on the island consists mostly of single-family 
residences with accompanying bulkheads, docks, 
and boats. Many multifamily developments 
are also located on Marco Island and have 
community docking facilities. During surveys, 
the clarity in the canals of Marco Island varied 
from very turbid to fairly clear.
The Marco Island study area was surveyed 47 
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Ten Thousand Islands 
 
The Ten Thousand Islands study area is part of the 
U.S. Fish and Wildlife Service (USFWS) Ten Thousand 
Islands National Wildlife Refuge established i  1996. 
Many undeveloped areas under state or federal man- 
agement were part of the study area, including the 
Collier–Seminole State Park, Cape Romano–Ten Thou- 
sand Islands State Aquatic Preserve, and Everglades 
National Park. Three areas surveyed during 1986–93 
were the Port of the Islands (POI), Everglades City, 
and Ochopee (also Chapter 17, this volume). 
 
Port of the Islands (1986–1993) 
 
The Port of the Islands Resort is located 35 km south- 
east of Naples on U.S. 41. Th  resort, formerly known
as the Re uda Ra ch, was built in 1966. It first served 
as a land-sales center and then later as a clinic and 
small college. It was closed about 1977 and reopened 
as the Port of the Islands Resort in the early 1980s (Tur- 
rell, 1988; Patton et al., 1989). 
In 1986–88, POI was surveyed in conjunction with 
surveys of the Naples Bay area and Everglades City 
area. In 1989 and 1990, POI was surveyed in conjunc- 
tion with Marco Island (Map 6). From 1991 to 1993, Port 
of the Islands was surveyed as part of a broader Ten 
Thousand Islands survey (Chapter 17, this volume). 
The POI study area was divided into three zones 
(Map 7): the marina, the long canal, and the channel 
out to the Gulf of Mexico. 
1 Main Basin (zone 5). This area consists of ten 
dredged finger canals and a wider marina area. The 
central canal that connects the finger canals extends 
under U.S. 41, where there is an overflow weir man- 
aged by the South Florida Water Management District 
(SFWMD). Fresh water flows over the weir, and man- 
atees cannot access the canals above the weir.The ma- 
rina basin averages 2–4 m deep and has steeply sloped 
sides (Patton et al., 1989). During surveys, water clar- 
ity varied but w s most turbid wh n large groups of 
manatees stirred up bottom sediment. A number of 
changes occurred during the course of this study 
(1986–1993). In 1986, about half of the shoreline of the 
fi     canals was stabilized with bulkheads, there 
were docks and moored boats only in the main basin, 
and vacant lots surrounded the finger canals. Over 
the eight-year study period, most of the remaining 
shoreline was stabilized, and numerous single-f mily 
residences with accompanying ocks were built along 
the finger canals. Since the completion of this study, 
the development of single-family residences continued 
and was largely complete by 2003. 
2 Faka Union Canal (zone 6). This canal connects 
the Port of the Islands basin to Faka Union Bay and the 
Ten Thousand Islands. In 1966, this canal was dredged 
to straighten and deepen the original shallow canal. It 
is now straight and about 60 m wide throughout, ex- 
cept at the mouth where there are a few turns.The canal 
is approximately 4.8 km long and is 1–3 m deep. The 
spoil from dredgi g was deposited along the we t 
bank; the east bank of the canal was atural, with scat- 
tered mangrove islands and tidal creeks. 
3 Channel to the Gulf of Mexico (zone 7). This 
waterway follows a marked navigation channel that 
leads approximately 8 km through numerous man- 
grove islands from the mouth of the Faka Union Canal 
south across Faka Union Bay to the Gulf of Mexico. 
 
Table 5 Summary of Port of the Islands aerial survey dates (n = 118 surveys) and manatee counts, Collier County, Florida, 
January 1986 to December 1990 (AMPRT). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
16 Jan 86 32 8 40 20.0 Winter 	   24 Jul 86 11 1 12 8.3 Summer 
20 Jan 86 24 5 29 17.2 Winter 	   15 Aug 86 20 3 23 13.0 Summer 
25 Feb 86 17 4 21 19.0 Winter 	   28 Aug 86 2 0 2 0.0 Summer 
26 Feb 86 40 4 44 9.1 Winter 	   06 Sep 86 13 0 13 0.0 Fall 
24 Mar 86 21 5 26 19.2 Spring 	   19 Sep 86 18 0 18 0.0 Fall 
31 Mar 86 38 6 44 13.6 Spring 	   03 Oct 86 8 0 8 0.0 Fall 
17 Apr 86 31 8 39 20.5 Spring 	   01 Nov 86 2 0 2 0.0 Fall 
23 Apr 86 29 5 34 14.7 Spring 	   06 Nov 86 16 2 18 11.1 Fall 
14 May 86 26 7 33 21.2 Spring 	   24 Nov 86 8 0 8 0.0 Fall 
23 May 86 29 6 35 17.1 Spring 	   02 Dec 86 9 1 10 10.0 Winter 
10 Jun 86 33 4 37 10.8 Summer 	   16 Dec 86 16 2 18 11.1 Winter 
24 Jun 86 21 4 25 16.0 Summer 	   07 Jan 87 47 8 55 14.5 Winter 
16  Jul 86 5 0 5 0.0 Summer (continued next page) 
Edwards, Holly 6/11/2015 4:37 PM
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Ten Thousand Islands 
 
The Ten Thousand Island  study area is part of the 
U.S. Fish and Wi dlife Service (USFWS) Ten Thousand 
Islands National Wi dlife Refug establis ed in 1996. 
Many undeveloped areas under s ate or federal man- 
agement w re part of the study area, including the 
Collier–Seminole S ate Park, Cape Romano–Ten Thou- 
sand Islands S ate Aquatic Pr serve, and Everglades 
National Park. Three area  surveye  during 1986–93 
w re the Port of the Islands (POI), Everglades City, 
and Ochopee (also Chapter 17, this volume). 
 
Port of the Islands (1986–1 93) 
 
The Port of the Islands Resort is located 35 km south- 
east of Naples on U S. 41. The resort, formerly known 
as the Remuda Ranch, was built in 1966. It fir t served 
as a land-sales center and then later as a cl nic and 
small college. It was closed about 1977 and reopened 
as the Port of the Islands Resort in the early 1980s (Tur- 
rell, 1988; Patton et al., 1989). 
In 1986–88, POI wa  surveyed in conjunction with 
surveys of the Naples Bay are  and Everglades City 
area. In 1 89 and 1990, POI wa  surveyed in conjunc- 
tion with Marco Island (Map 6). From 1991 to 1993, Port 
of the Islands wa  surveyed as part of a broader Ten 
Thousand Island  survey (Ch pter 17, this vo ume). 
The POI study area was d vided into three zones 
(Map 7): the marina, the long canal, and the channel 
out to the Gulf of Mexico. 
1 Main Basin (zone 5). This area con i ts of ten 
dredged finger canals and a wider marin  area. The 
central canal that connects the finger canals extends 
under U.S. 41, wh re th re is an overflow weir man- 
aged by the South Florida Water Management District 
(SFWMD). Fresh water flows over the weir, and man- 
atees cannot access the canals above the weir.The ma- 
rina basin averages 2–4 m deep and has steeply sloped 
sides (Patton et al., 1 89). During surveys, water clar- 
ity varied but was most turbid when large groups of 
manatee  stirred up bottom sed ment. A number of 
changes occurred during the course of thi  study 
(1986–1993). In 1986, about half of the shoreline of the 
fi   canals was stabilized with bulkheads, th re 
w re docks and moored boats only in the main basin, 
and v cant lot  surrounded the finger canals. Over 
th  eight-year study period, most of the rema ing 
shoreline wa  stabilized, and num rou  single-family 
resid nces with ccompanying docks w re uilt along 
the finger canals. Since the completion of thi  study, 
the d velopment of single-family residences continued 
and was largely compl te by 2003. 
2 Faka Union Canal (zone 6). This canal connects 
the Port of the Islands basin to Faka Union Bay and the 
Ten Thousand Islands. In 1966, this canal was dredged 
to straighten an  deepen the or ginal shallow canal. It 
is now straight and about 60 m wide throughout, ex- 
cept at the mouth wh re th re are a few turns.The canal 
is approximately 4.8 km long and is 1–3 m deep. The 
spoil from dredging was deposited along the west 
bank; th  east bank of the canal was natural, with scat- 
t red mangrove islands and tidal creeks. 
3 Channel to the Gulf of Mexico (zone 7). This 
waterway follows a marked navigation channel that 
leads approximately 8 km through numerous man- 
grove islands from the mouth of the Faka Union Canal 
south across Faka Union Bay to the Gulf of Mexico. 
 
Table 5 Su mary of Port of the Islands aerial survey dates (n = 118 surveys) and manatee counts, Collier County, Florida, 
January 1986to D cember 1990 (AMPRT). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
16 Jan 86 32 8 40 2 .0 Winter 	   24 Jul 86 11 1 12 8.3 Su mer 
20 Jan 86 24 5 29 17.2 Winter 	   15 Aug 86 20 3 23 13.0 Su mer 
25 Feb 86 17 4 21 19.0 Winter 	   28 Aug 86 2 0 2 .0 Su mer 
26 Feb 86 40 4 44 9.1 Winter 	   06 Sep 86 13 0 13 .0 Fall 
24 Mar 86 21 5 26 19.2 Spring 	   19 Sep 86 18 0 18 .0 Fall 
31 Mar 86 38 6 44 13.6 Spring 	   03 Oct 86 8 0 8 .0 Fall 
17 Apr 86 31 8 39 20.5 Spring 	   01 Nov 86 2 0 2 .0 Fall 
23 Apr 86 29 5 34 14.7 Spring 	   06 Nov 86 16 2 18 1 .1 Fall 
14 May 86 26 7 33 21.2 Spring 	   24 Nov 86 8 0 8 .0 Fall 
23 May 86 29 6 35 17.1 Spring 	   02 Dec 86 9 1 10 1 .0 Winter 
10 Jun 86 33 4 37 10.8 Su mer 	   16 Dec 86 16 2 18 1 .1 Winter 
24 Jun 86 21 4 25 16.0 Su mer 	   07 Jan 87 47 8 55 14.5 Winter 
16  Jul 86 5 0 5 .0 Su mer (continued next page) 
Edwards, Holly 6/11/2015 4:37 PM
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Table 5  Summary of Port of the Islands aerial survey dates (n = 118 surveys) and manatee counts, Collier County, Florida, January 
1986 to December 1990 (AMPRT). (continued)
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Table 5  Summary of Port of the Islands aerial survey dates (n = 118 surveys) and manatee counts, Collier County, Florida, 
January 1986 to December 1990 (AMPRT). (continued) 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
29 Jan 87 46 6 52 11.5 Winter 	   10 Jan 89 17 1 18 5.6 Winter 
12 Feb 87 31 2 33 6.1 Winter 	   19 Jan 89 9 1 10 10.0 Winter 
24 Feb 87 13 2 15 13.3 Winter 	   27 Feb 89 82 13 95 13.7 Winter 
10 Mar 87 23 5 28 17.9 Spring 	   16 Mar 89 63 8 71 11.3 Spring 
13 Mar 87 19 1 20 5.0 Spring 	   29 Mar 89 13 0 13 0.0 Spring 
09 Apr 87 25 2 27 7.4 Spring 	   13 Apr 89 16 1 17 5.9 Spring 
24 Apr 87 25 8 33 24.2 Spring 	   21 Apr 89 12 2 14 14.3 Spring 
08 May 87 29 4 33 12.1 Spring 	   17 May 89 26 2 28 7.1 Spring 
18 May 87 28 4 32 12.5 Spring 	   01 Jun 89 37 2 39 5.1 Summer 
03 Jun 87 39 6 45 13.3 Summer 	   15 Jun 89 23 4 27 14.8 Summer 
12 Jun 87 36 3 39 7.7 Summer 	   28 Jun 89 19 0 19 0.0 Summer 
08 Jul 87 28 4 32 12.5 Summer 	   12 Jul 89 20 0 20 0.0 Summer 
22 Jul 87 14 4 18 22.2 Summer 	   25 Jul 89 13 1 14 7.1 Summer 
03 Aug 87 20 2 22 9.1 Summer 	   28 Aug 89 9 3 12 25.0 Summer 
20 Aug 87 12 2 14 14.3 Summer 	   14 Sep 89 13 3 16 18.8 Fall 
09 Sep 87 24 4 28 14.3 Fall 	   21 Sep 89 19 2 21 9.5 Fall 
23 Sep 87 12 2 14 14.3 Fall 	   23 Oct 89 15 3 18 16.7 Fall 
08 Oct 87 16 7 23 30.4 Fall 	   25 Oct 89 17 2 19 10.5 Fall 
15 Oct 87 22 5 27 18.5 Fall 	   22 Nov 89 17 3 20 15.0 Fall 
09 Nov 87 26 3 29 10.3 Fall 	   28 Nov 89 19 3 22 13.6 Fall 
16 Nov 87 20 3 23 13.0 Fall 	   12 Dec 89 40 4 44 9.1 Winter 
04 Dec 87 40 9 49 18.4 Winter 	   19 Dec 89 34 3 37 8.1 Winter 
14 Dec 87 20 4 24 16.7 Winter 	   18 Jan 90 46 7 53 13.2 Winter 
12 Jan 88 59 6 65 9.2 Winter 	   23 Jan 90 38 4 42 9.5 Winter 
28 Jan 88 52 10 62 16.1 Winter 	   13 Feb 90 21 4 25 16.0 Winter 
11 Feb 88 69 5 74 6.8 Winter 	   20 Feb 90 19 3 22 13.6 Winter 
16 Feb 88 25 2 27 7.4 Winter 	   09 Mar 90 21 3 24 12.5 Spring 
17 Mar 88 75 12 87 13.8 Spring 	   27 Mar 90 39 6 45 13.3 Spring 
25 Mar 88 59 7 66 10.6 Spring 	   16 Apr 90 27 2 29 6.9 Spring 
05 Apr 88 28 4 32 12.5 Spring 	   19 Apr 90 22 4 26 15.4 Spring 
11 Apr 88 30 9 39 23.1 Spring 	   18 May 90 26 2 28 7.1 Spring 
04 May 88 27 6 33 18.2 Spring 	   29 May 90 26 2 28 7.1 Spring 
26 May 88 27 6 33 18.2 Spring 	   12 Jun 90 44 5 49 10.2 Summer 
20 Jun 88 21 5 26 19.2 Summer 	   14 Jun 90 44 3 47 6.4 Summer 
29 Jun 88 17 4 21 19.0 Summer 	   26 Jul 90 11 2 13 15.4 Summer 
11 Jul 88 22 2 24 8.3 Summer 	   27 Jul 90 19 1 20 5.0 Summer 
19 Jul 88 7 2 9 22.2 Summer 	   17 Aug 90 12 4 16 25.0 Summer 
10 Aug 88 14 3 17 17.6 Summer 	   21 Aug 90 20 4 24 16.7 Summer 
29 Aug 88 13 2 15 13.3 Summer 	   11 Sep 90 12 0 12 0.0 Fall 
21 Sep 88 16 4 20 20.0 Fall 	   20 Sep 90 18 0 18 0.0 Fall 
23 Sep 88 15 5 20 25.0 Fall 	   16 Oct 90 13 1 14 7.1 Fall 
12 Oct 88 16 0 16 0.0 Fall 	   29 Oct 90 18 2 20 10.0 Fall 
20 Oct 88 12 2 14 14.3 Fall 	   08 Nov 90 10 0 10 0.0 Fall 
08 Nov 88 10 2 12 16.7 Fall 	   19 Nov 90 24 8 32 25.0 Fall 
15 Nov 88 19 4 23 17.4 Fall 	   10 Dec 90 55 10 65 15.4 Winter 
06 Dec 88 26 3 29 10.3 Winter 	   18 Dec 90 44 8 52 15.4 Winter 
22  Dec   88 34 3 37 8.1 Winter Total 2,939 429  3,368 12.1 
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Table 5  Su mary of Port of the Islands aerial survey dates (n = 118 surveys) and m natee counts, Collier County, Florida, 
January 1986 to December 1990 (AMPRT). (continued) 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
29 Jan 87 46 6 52 11.5 Winter 	   10 Jan 89 17 1 18 5.6 Winter 
12 Feb 87 31 2 33 6.1 Winter 	   19 Jan 89 9 1 10 10.0 Winter 
24 Feb 87 13 2 15 13.3 Winter 	   27 Feb 89 82 13 95 13.7 Winter 
10 Mar 87 23 5 28 17.9 Spring 	   16 Mar 89 63 8 71 11.3 Spring 
13 Mar 87 19 1 20 5.0 Spring 	   29 Mar 89 13 0 13 0.0 Spring 
09 Apr 87 25 2 27 7.4 Spring 	   13 Apr 89 16 1 17 5.9 Spring 
24 Apr 87 25 8 33 24.2 Spring 	   21 Apr 89 12 2 14 14.3 Spring 
08 May 87 29 4 33 12.1 Spring 	   17 May 89 26 2 28 7.1 Spring 
18 May 87 28 4 32 12.5 Spring 	   01 Jun 89 37 2 39 5.1 Su mer 
03 Jun 87 39 6 45 13.3 Su mer 	   15 Jun 89 23 4 27 14.8 Su mer 
12 Jun 87 36 3 39 7.7 Su mer 	   28 Jun 89 19 0 19 0.0 Su mer 
08 Jul 87 28 4 32 12.5 Su mer 	   12 Jul 89 20 0 20 0.0 Su mer 
22 Jul 87 14 4 18 22.2 Su mer 	   25 Jul 89 13 1 14 7.1 Su mer 
03 Aug 87 20 2 22 9.1 Su mer 	   28 Aug 89 9 3 12 25.0 Su mer 
20 Aug 87 12 2 14 14.3 Su mer 	   14 Sep 89 13 3 16 18.8 Fall 
09 Sep 87 24 4 28 14.3 Fall 	   21 Sep 89 19 2 21 9.5 Fall 
23 Sep 87 12 2 14 14.3 Fall 	   23 Oct 89 15 3 18 16.7 Fall 
08 Oct 87 16 7 23 30.4 Fall 	   25 Oct 89 17 2 19 10.5 Fall 
15 Oct 87 22 5 27 18.5 Fall 	   22 Nov 89 17 3 20 15.0 Fall 
09 Nov 87 26 3 29 10.3 Fall 	   28 Nov 89 19 3 22 13.6 Fall 
16 Nov 87 20 3 23 13.0 Fall 	   12 Dec 89 40 4 44 9.1 Winter 
04 Dec 87 40 9 49 18.4 Winter 	   19 Dec 89 34 3 37 8.1 Winter 
14 Dec 87 20 4 24 16.7 Winter 	   18 Jan 90 46 7 53 13.2 Winter 
12 Jan 88 59 6 65 9.2 Winter 	   23 Jan 90 38 4 42 9.5 Winter 
28 Jan 88 52 10 62 16.1 Winter 	   13 Feb 90 21 4 25 16.0 Winter 
11 Feb 88 69 5 74 6.8 Winter 	   20 Feb 90 19 3 22 13.6 Winter 
16 Feb 88 25 2 27 7.4 Winter 	   09 Mar 90 21 3 24 12.5 Spring 
17 Mar 88 75 12 87 13.8 Spring 	   27 Mar 90 39 6 45 13.3 Spring 
25 Mar 88 59 7 66 10.6 Spring 	   16 Apr 90 27 2 29 6.9 Spring 
05 Apr 88 28 4 32 12.5 Spring 	   19 Apr 90 22 4 26 15.4 Spring 
11 Apr 88 30 9 39 23.1 Spring 	   18 May 90 26 2 28 7.1 Spring 
04 May 88 27 6 33 18.2 Spring 	   29 May 90 26 2 28 7.1 Spring 
26 May 88 27 6 33 18.2 Spring 	   12 Jun 90 44 5 49 10.2 Su mer 
20 Jun 88 21 5 26 19.2 Su mer 	   14 Jun 90 44 3 47 6.4 Su mer 
29 Jun 88 17 4 21 19.0 Su mer 	   26 Jul 90 11 2 13 15.4 Su mer 
11 Jul 88 22 2 24 8.3 Su mer 	   27 Jul 90 19 1 20 5.0 Su mer 
19 Jul 88 7 2 9 22.2 Su mer 	   17 Aug 90 12 4 16 25.0 Su mer 
10 Aug 88 14 3 17 17.6 Su mer 	   21 Aug 90 20 4 24 16.7 Su mer 
29 Aug 88 13 2 15 13.3 Su mer 	   11 Sep 90 12 0 12 0.0 Fall 
21 Sep 88 16 4 20 20.0 Fall 	   20 Sep 90 18 0 18 0.0 Fall 
23 Sep 88 15 5 20 25.0 Fall 	   16 Oct 90 13 1 14 7.1 Fall 
12 Oct 88 16 0 16 0.0 Fall 	   29 Oct 90 18 2 20 10.0 Fall 
20 Oct 88 12 2 14 14.3 Fall 	   08 Nov 90 10 0 10 0.0 Fall 
08 Nov 88 10 2 12 16.7 Fall 	   19 Nov 90 24 8 32 25.0 Fall 
15 Nov 88 19 4 23 17.4 Fall 	   10 Dec 90 55 10 65 15.4 Winter 
06 Dec 88 26 3 29 10.3 Winter 	   18 Dec 90 44 8 52 15.4 Winter 
22  Dec   88 34 3 37 8.1 Winter Total 2,939 429  ,368 12.1 
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Map 6  Flight path followed during aerial surveys of manatee distribution in Port of the Islands, Collier County, Florida 
(n = 118 surveys) from January 1986 to December 1990 (FTPRT data set).
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Map 7  Three zones used in spatial analysis of aerial surveys of manatee distribution conducted from January 1986 to 
December 1990 in Port of the Islands, Collier County, Florida (n = 118 surveys).
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Map 8  Flight path followed during aerial surveys of manatee distribution in Everglades City, Collier County, Florida (n 
= 25 surveys) from January 1986 to January 1987 (FTGLAD data set).
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Map 9  Two zones used in spatial analysis of aerial surveys of manatee distribution conducted from January 1986 to 
January 1987 in Everglades City, Collier County, Florida (n = 25 surveys).
times, twice per month from January 1989 to 
December 1990 (Tables 1, 4). A second February 
survey in 1989 was missed, and the second 
survey for May 1989 was actually made on June 1. 
Ten Thousand Islands (1986-1993)
The Ten Thousand Islands study area is part of 
the U.S. Fish and Wildlife Service (USFWS) Ten 
Thousand Islands National Wildlife Refuge 
established in 1996. Many undeveloped areas 
under state or federal management were part of 
the study area, including the Collier–Seminole 
State Park, Cape Romano–Ten Thousand Islands 
State Aquatic Preserve, and Everglades National 
Park. Three areas surveyed during 1986–93 were 
the Port of the Islands (POI), Everglades City, and 
Ochopee (also Chapter 17, this volume).
Port of the Islands (1986-1993)
The Port of the Islands Resort is located 35 km 
southeast of Naples on U.S. 41. The resort, 
formerly known as the Remuda Ranch, was built 
in 1966. It first served as a land-sales center and 
then later as a clinic and small college. It was 
closed about 1977 and reopened as the Port of the 
Islands Resort in the early 1980s (Turrell, 1988; 
Patton et al., 1989).
In 1986–88, POI was surveyed in conjunction with 
surveys of the Naples Bay area and Everglades 
City area. In 1989 and 1990, POI was surveyed 
in conjunction with Marco Island (Map 6). From 
1991 to 1993, Port of the Islands was surveyed as 
part of a broader Ten Thousand Islands survey 
(Chapter 17, this volume).
The POI study area was divided into three zones 
(Map 7): the marina, the long canal, and the 
channel out to the Gulf of Mexico.
1  Main Basin (zone 5). This area consists of ten 
dredged finger canals and a wider marina 
area. The central canal that connects the finger 
canals extends under U.S. 41, where there is an 
overflow weir managed by the South Florida 
Water Management District (SFWMD). Fresh 
water flows over the weir, and manatees cannot 
access the canals above the weir. The marina 
basin averages 2–4 m deep and has steeply sloped 
sides (Patton et al., 1989). During surveys, water 
clarity varied but was most turbid when large 
groups of manatees stirred up bottom sediment. 
A number of changes occurred during the course 
of this study (1986–1993). In 1986, about half of 
the shoreline of the finger canals was stabilized 
with bulkheads, there were docks and moored 
boats only in the main basin, and vacant lots 
surrounded the finger canals. Over the eight-year 
study period, most of the remaining shoreline 
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Table 6  Summary of Everglades City aerial survey dates (n = 25 surveys) and manatee counts, Collier County, Florida, January 1986 
to January 1987 (ASGLAD).
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 ar  of Everglades City aerial survey dates (n = 24 surveys) and manatee counts, Collier County, Florida, 
January 1986 to January 1987 (ASGLAD). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
16 Jan 86 2 0 2 0.0 Winter 	   24 Jul 86 3 1 4 25.0 Summer 
20 Jan 86 1 0 1 0.0 Winter 	   15 Aug 86 6 0 6 0.0 Summer 
25 Feb 86 1 0 1 0.0 Winter 	   26 Aug 86 0 0 0 – Summer 
26 Feb 86 0 0 0 – Winter 	   06 Sep 86 4 0 4 0.0 Fall 
24 Mar 86 1 0 1 0.0 Spring 	   19 Sep 86 3 0 3 0.0 Fall 
31 Mar 86 2 0 2 0.0 Spring 	   03 Oct 86 7 1 9 12.5 Fall 
17 Apr 86 1 0 1 0.0 Spring 	   01 Nov 86 1 0 1 0.0 Fall 
23 Apr 86 4 0 4 0.0 Spring 	   06 Nov 86 2 0 2 0.0 Fall 
14 May 86 0 0 0 – Spring 	   24 Nov 86 3 0 3 0.0 Fall 
23 May 86 0 0 0 – Spring 	   02 Dec 86 5 0 5 0.0 Winter 
10 Jun 86 5 0 5 0.0 Summer 	   16 Dec 86 6 1 7 14.3 Winter 
24 Jun 86 3 0 3 0.0 Summer 	   07 Jan 87 3 1 4 25.0 Winter 
16  Jul 86 0 0 0 – Summer Total 63 4 68 6.0 
 
 
 
The POI study area was surveyed 175 times, twice 
per month from January 1986 to December 1993 (Tables 
1, 5). Results through December 1990 are reported here. 
 
Everglades City (1 86–1987) 
 
Everglades City is 64 km southeast of Naples on the 
northern boundary of Everglades National Park. With 
the xc ption f the small island of Chokoloskee, which 
is connected to Everglades City by a man-made cause- 
way, the surrounding area is undeveloped and in pub- 
lic ownership. Everglades City and Chokoloskee have 
a number of businesses that cater to tourists and park 
visitors, particularly for sport fishing.There are several 
marinas and bo t ramps where commercial netting and 
crabbing vessels are based. 
Only one survey was made in October (make-up 
survey made on November 1). The survey originally 
covered only the Barron River and canals around Ever- 
glades City (zone 1, BAR) but was later expanded to in- 
clude the marked channel out to the Gulf of Mexico 
(zone 2, BAY; Map 8). Zone 1 was surveyed 25 times, and 
zone 2 was surveyed 19 times. These two zones are 
shown in Map 9: 
1 Barron River (BAR). This zone began at the 
mout  of the Barron River and continued upst eam to 
the S.R. 39 bridge and then south in the dredged canal 
along the east side of Everglades City to the causeway. 
This area included all the waters that surround the up- 
land portions of Everglades City. 
2 Channel to Gulf of Mexico (BAY). This portion 
of the study area included waters from the mouth of 
the Barron River to Indian Key Pass along the marked 
channel southwest (approximately 9.5 km). The route 
included areas around numerous mangrove islands 
and oyster bars. Abundant seagrass beds were present 
at the southwestern end of the area near Indian Key. 
The Everglades study area was surveyed 25 times, 
twice per month from January 1986 to January 1987 
(Tables 1, 6). 
 
Ochopee (1987–1988) 
 
Ochopee is located on U.S. 41, 11 km northeast of Ever- 
glades City. It consists of several residential canals. 
Dredged canals on the south side of U.S. 41 connect to 
Halfway Creek, which leads to Chokoloskee Bay. The 
study area also cluded a pond on the north side o  
U.S. 41 (Map 10). The pond  the canal on the west 
side were dredged for spoil to create the U.S. 41 road- 
way and the upland areas of Ochopee.The water clar- 
ity of the canal was inconsistent, which was probably 
due to variations in rainfall and algal blooms.The wa- 
ters of Halfway Creek were typically muddy and tan- 
nin-stained. Halfway Creek vegetatio  included 
sawgras in the upper reaches and mangroves in the 
more estuarine areas. Overhanging mangroves com- 
pletely obscured the western half of the creek, which 
precluded using aerial surveys in this area. 
The Ochopee study area (OCH) was surveyed 44 
times, twice per month from March 1987 to December 
1988 (Tables 1, 7). Originally, only the fi canals and 
Hal way Creek were surveyed. In December 1987, m n- 
atees were inc dentally seen in a pond on the northeast- 
ern side of U.S. 41, so this area was added to the survey. 
 
Aerial Survey Protocols 
 
Surveys began and ended at Page Field in Fort Myers. 
Each survey covered two or three of the six study areas, 
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Table 6  Su mary of Everglades City erial survey dates (n = 24 surveys) d manatee counts, llier County, Florida, 
January 1986 to January 1987 (ASGLAD). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
16 Jan 86 2 0 2 .0 Winter 	   24 Jul 86 3 1 4 25.0 Su mer 
20 Jan 86 1 0 1 .0 Winter 	   15 Aug 86 6 0 6 .0 Su mer 
25 Feb 86 1 0 1 .0 Winter 	   26 Aug 86 0 0 0 – Su mer 
26 Feb 86 0 0 0 – Winter 	   06 Sep 86 4 0 4 .0 Fall 
24 Mar 86 1 0 1 .0 Spring 	   19 Sep 86 3 0 3 .0 Fall 
31 Mar 86 2 0 2 .0 Spring 	   03 Oct 86 7 1 9 12.5 Fall 
17 Apr 86 1 0 1 .0 Spring 	   01 Nov 86 1 0 1 .0 Fall 
23 Apr 86 4 0 4 .0 Spring 	   06 Nov 86 2 0 2 .0 Fall 
14 May 86 0 0 0 – Spring 	   24 Nov 86 3 0 3 .0 Fall 
23 May 86 0 0 0 – Spring 	   02 Dec 86 5 0 5 .0 Winter 
10 Jun 86 5 0 5 .0 Su mer 	   16 Dec 86 6 1 7 14.3 Winter 
24 Jun 86 3 0 3 .0 Su mer 	   07 Jan 87 3 1 4 25.0 Winter 
16  Jul 86 0 0 0 – Su mer Total 63 4 68 6.0 
 
 
 
The POI study area wa  surveyed 175 times, twice 
per month from January 1986 to D cember 1993 (Tables 
1, 5). Results through D cember 1990 are reported h re. 
 
E rglades City (1986–1987) 
 
Everglades City is 64 km southeast of Naples on the 
northern boundary of Everglades National Park. With 
the exception of the small island of Chok loskee, which 
is connected to Everglades City by a man-made cause- 
way, the surrounding area is undeveloped and in pub- 
lic ownership. Everglades City and Chok loskee have 
a number of busines es that cater to touri ts and park 
visitors, particularly for sport fishing.Th re are several 
marinas and boat ramps wh re co mercial netti g and 
crabbing vessels are based. 
Only one survey was made in October (make-up 
survey made on November 1). The survey or ginally 
cov red only the Barron River and canals around Ever- 
glades City (zone 1, BAR) but was later expanded to in- 
clude the marked channel ou  to the Gulf of Mexico 
(zone 2, BAY; Map 8). Zone 1 was surv yed 25 times, and 
zone 2 wa  surveyed 19 times. Th se two zones are 
shown in Map 9: 
1 Barron River (BAR). This zone began a  the 
mouth of the Barron River and continued upstream to 
the S.R. 39 bridge nd then south in the dredged canal 
along th  ea t side of Everglades City to the causeway. 
This area included all the waters that surround the up- 
land portions of Everglades City. 
2 Channel to Gulf of Mexico (BAY). This portion 
of the study area included waters from the mouth of 
the Barron River to Indian Key Pass along the marked 
channel southwest (approximately 9.5 km). The route 
included areas around numerous mangrove islands 
and oyster bars. Abundant seagrass beds w re pr sent 
at the southwestern end of the area near Indian Key. 
The Everglades study area was surveyed 25 times, 
twice per month from January 1986 to January 1987 
(Tables 1, 6). 
 
Ochop e (1987–19 8) 
 
Ochopee is located on U.S. 4 , 11 km northeast of Ever- 
glades City. It con i ts of several residential canals. 
Dredged canals on the south side of U S. 41 connect to 
Halfway Creek, which leads to Chok loskee Bay. The 
study are  al o included a pond on the north side of 
U S. 41 (Map 10). The pond and the canal on the west 
side w re dredged for spoil to create the U S. 41 road- 
way and the upland areas of Ochopee.The water clar- 
ity of the canal was incon istent, which was probably 
due to variations in rainfall and algal blooms.The wa- 
ters of Halfway Creek w re typically mu dy and tan- 
in-stained. Halfway Creek vege ation included 
sawgrass in the upper reaches and mangroves  the 
mor  estuarine areas. Overhangi g mangroves com- 
pl tely obscured the western half of the creek, which 
precluded using aerial surveys in this area. 
The Ochopee study area (OCH) wa  surveyed 44 
times, twice per month from March 1987 to D cember 
1988 (Tables 1, 7). Or ginally, only the fi canals and 
Halfway Creek w re surv yed.  D cember 1987, man- 
ate s w re incidentally seen in a pond on the northeast- 
ern side of U.S. 41, so this area was added to the survey. 
 
Aerial Survey Pr tocols 
 
Surveys began and ended at Page Field in Fort Myers. 
Each survey cov red tw  or three of the six study areas, 
Date           Adults  Calves  Total   Calves  Quarter
Man s %
Date           Adults  Calves  Total   Calves  Quarter
Manat s %
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Map 10  Flight path followed during aerial surveys of manatee distribution in Ochopee, Collier County, Florida (n = 44 
surveys) from March 1987 to December 1988 (FTOCHO data set).
was stabilized, and numerous single-family 
residences with accompanying docks were built 
along the finger canals. Since the completion 
of this study, the development of single-family 
residences continued and was largely complete 
by 2003.
2  Faka Union Canal (zone 6). This canal connects 
the Port of the Islands basin to Faka Union Bay 
and the Ten Thousand Islands. In 1966, this 
canal was dredged to straighten and deepen 
the original shallow canal. It is now straight 
and about 60 m wide throughout, except at the 
mouth where there are a few turns.The canal is 
approximately 4.8 km long and is 1–3 m deep. 
The spoil from dredging was deposited along the 
west bank; the east bank of the canal was natural, 
with scattered mangrove islands and tidal creeks.
3  Channel to the Gulf of Mexico (zone 7). This 
waterway follows a marked navigation channel 
that leads approximately 8 km through numerous 
mangrove islands from the mouth of the Faka 
Union Canal south across Faka Union Bay to the 
Gulf of Mexico.
The POI study area was surveyed 175 times, twice 
per month from January 1986 to December 1993 
(Tables 1, 5). Results through December 1990 are 
reported here.
Everglades City (1986-1987)
Everglades City is 64 km southeast of Naples on 
the northern boundary of Everglades National
Park. With the exception of the small island of 
Chokoloskee, which is connected to Everglades 
City by a man-made causeway, the surrounding 
area is undeveloped and in public ownership. 
Everglades City and Chokoloskee have a number 
of businesses that cater to tourists and park 
visitors, particularly for sport fishing. There are 
several marinas and boat ramps where commercial 
netting and crabbing vessels are based.
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Table 7  Summary of Ochopee aerial survey dates (n = 44 surveys) and manatee counts, Collier County, Florida, March 1987 to 
December 1988 (ASOCHO).
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able 7  ary of Ochopee aerial survey dates (n = 44 surveys) and manatee counts, Collier County, Florida, March 
1987 to December 1988 (ASOCHO). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Mar 87 0 0 0 – Spring 	   16 Feb 88 3 1 4 25.0 Winter 
13 Mar 87 1 0 1 0.0 Spring 	   17 Mar 88 6 2 8 25.0 Spring 
09 Apr 87 0 0 0 – Spring 	   25 Mar 88 0 0 0 – Spring 
24 Apr 87 0 0 0 – Spring 	   05 Apr 88 0 0 0 – Spring 
08 May 87 0 0 0 – Spring 	   11 Apr 88 0 0 0 – Spring 
18 May 87 0 0 0 – Spring 	   04 May 88 0 0 0 – Spring 
03 Jun 87 0 0 0 – Summer 	   26 May 88 0 0 0 – Spring 
12 Jun 87 0 0 0 – Summer 	   20 Jun 88 0 0 0 – Summer 
08 Jul 87 2 0 2 0.0 Summer 	   29 Jun 88 1 0 1 0.0 Summer 
22 Jul 87 0 0 0 – Summer 	   11 Jul 88 0 0 0 – Summer 
03 Aug 87 0 0 0 – Summer 	   19 Jul 88 0 0 0 – Summer 
20 Aug 87 0 0 0 – Summer 	   10 Aug 88 0 0 0 – Summer 
09 Sep 87 0 0 0 – Fall 	   29 Aug 88 0 0 0 – Summer 
23 Sep 87 2 1 3 33.3 Fall 	   21 Sep 88 3 2 5 40.0 Fall 
08 Oct 87 0 0 0 – Fall 	   23 Sep 88 3 1 4 25.0 Fall 
15 Oct 87 0 0 0 – Fall 	   12 Oct 88 0 0 0 – Fall 
09 Nov 87 0 0 0 – Fall 	   20 Oct 88 3 1 4 25.0 Fall 
16 Nov 87 0 0 0 – Fall 	   11 Nov 88 0 0 0 – Fall 
04 Dec 87 0 0 0 – Winter 	   15 Nov 88 0 0 0 – Fall 
14 Dec 87 3 0 3 0.0 Winter 	   06 Dec 88 7 2 9 22.2 Winter 
12 Jan 88 7 3 10 30.0 Winter 	   22 Dec 88 12 1 13 7.7 Winter 
28 Jan 88 11 3 14 21.4 Winter 	   Total 	   79 19 98 19.4 	  
11 Feb 88 15 2 17 11.8 Winter 	   	   	   	   	   	   	   	  
 
as described in each study area section (Table 1). Ex- 
cept for Marco Island, the study areas were divided into 
subareas that ere usually circled or passed over twice. 
Because of the size of the Marco Island study area, only 
one pass was made over each part of the area. 
 
Results	  
A total of 7,884 manatees were seen over the course of 
the study (Table 1). Of those sightings, 798 (10%) were 
calves. The majority of the sightings were made in the 
POI study area (5,562 manatees), followed by the Marco 
Island (1,973), Naples (167), Ochopee (98), Everglades 
City (67), and Wiggins Pass (17) study areas. However, 
this may be misleading, because the number of surveys 
in each area differed. The mean number of manatees 
seen per survey (year-round) were Port of the Islands, 
31.8; Marco, 42.0; Naples, 6.7; Everglades City, 2.7; 
Ochopee, 2.2; and Wiggins Pass, 0.7.The manatee-sight- 
ing data are available on the FWC–FWRI CD–ROM 
(manatee sightings AMWMC, AMMC90; FWC, 
2000)and on the FWC web site 
http://ocean.floridamarine.org/mrgis/Description_L
ayers_Marine.htm#marmam. 
 
Wiggins Pass (1987–1988) 
The Wiggins Pass area was surveyed twice per month, 24 times 
from March 1987 through February 1988 (Ta- 
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Table 7  Summary of Ochopee aerial survey dates (n = 44 surveys) and m natee counts, ollier County, Florida, March 
1987 to December 1988 (ASOCHO). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
10 Mar 87 0 0 0 – Spring 	   16 Feb 88 3 1 4 25.0 Winter 
13 Mar 87 1 0 1 0.0 Spring 	   17 Mar 88 6 2 8 25.0 Spring 
09 Apr 87 0 0 0 – Spring 	   25 Mar 88 0 0 0 – Spring 
24 Apr 87 0 0 0 – Spring 	   05 Apr 88 0 0 0 – Spring 
08 May 87 0 0 0 – Spring 	   11 Apr 88 0 0 0 – Spring 
18 May 87 0 0 0 – Spring 	   04 May 88 0 0 0 – Spring 
03 Jun 87 0 0 0 – Su mer 	   26 May 88 0 0 0 – Spring 
12 Jun 87 0 0 0 – Su mer 	   20 Jun 88 0 0 0 – Su mer 
08 Jul 87 2 0 2 0.0 Su mer 	   29 Jun 88 1 0 1 0.0 Su mer 
22 Jul 87 0 0 0 – Su mer 	   11 Jul 88 0 0 0 – Su mer 
03 Aug 87 0 0 0 – Su mer 	   19 Jul 88 0 0 0 – Su mer 
20 Aug 87 0 0 0 – Su mer 	   10 Aug 88 0 0 0 – Su mer 
09 Sep 87 0 0 0 – Fall 	   29 Aug 88 0 0 0 – Su mer 
23 Sep 87 2 1 3 33.3 Fall 	   21 Sep 88 3 2 5 40.0 Fall 
08 Oct 87 0 0 0 – Fall 	   23 Sep 88 3 1 4 25.0 Fall 
15 Oct 87 0 0 0 – Fall 	   12 Oct 88 0 0 0 – Fall 
09 Nov 87 0 0 0 – Fall 	   20 Oct 88 3 1 4 25.0 Fall 
16 Nov 87 0 0 0 – Fall 	   11 Nov 88 0 0 0 – Fall 
04 Dec 87 0 0 0 – Winter 	   15 Nov 88 0 0 0 – Fall 
14 Dec 87 3 0 3 0.0 Winter 	   06 Dec 88 7 2 9 22.2 Winter 
12 Jan 88 7 3 10 30.0 Winter 	   22 Dec 88 12 1 13 7.7 Winter 
28 Jan 88 11 3 14 21.4 Winter 	   Total 	   79 19 98 19.4 	  
11 Feb 88 15 2 17 11.8 Winter 	   	   	   	   	   	   	   	  
 
as described in each study area section (Table 1). Ex- 
cept for Marco Island, the study areas w re d vi ed into 
subareas that w re sually circled or passed over twice. 
Because of the size of the Marco Island study area, only 
one pass was made over each part of the area. 
 
Results	  
A otal of 7,884 manatees w re seen over the course of 
the study (Table 1). Of those sightings, 798 (10%) w re 
calves. The majority of the sightings w re made in the 
POI study area (5,562 m natees), f llowed by the Marco 
Island (1,973), Naples (167), Ochopee (98), Everglades 
City (67), nd Wiggins Pass (17) study areas. How ver, 
this may be misleading, beca se the numb r of surveys 
in each area diff red. The mea  number of manatees 
seen per surve  (year-round) w re Port of the Islands, 
31.8; Marco, 42.0; Naples, 6.7; Everglades City, 2.7; 
Ochopee, 2.2; and Wiggins Pass, 0.7.The m natee-sight- 
ing d t  are v ilable on the FWC–FWRI CD–ROM 
(manatee sightings AMWMC, A MC90; FWC, 
2 00)and on the FWC web site 
http://ocean.floridamarine.org/mrgis/Description_L
ayers_Marine.htm#marmam. 
 
Wiggins Pass (1987–1988) 
The Wiggins Pass area was surv yed twice per month, 24 times 
from March 1987 through February 1988 (Ta- 
te           Adults  Calves  Tot l   C lves  Quarter
Man s %
t            Adults  Calves  Total   C lv s  Quarter
Manat %
Only one survey was made in October (make-up 
survey made on November 1). The survey 
originally covered only the Barron River and 
canals around Everglades City (zone 1, BAR) 
but was later expanded to include the marked 
channel out to the Gulf of Mexico (zone 2, BAY; 
Map 8). Zone 1 was surveyed 25 times, and zone 
2 was surveyed 19 times. These two zones are 
shown in Map 9:
1  Barron River (BAR). This zone began at the 
mouth of the Barron River and continued 
upstream to the S.R. 39 bridge and then south 
in the dredged canal along the east side of 
Everglades City to the causeway. This area 
included all the waters that surround the upland 
portions of Everglades City.
2  Channel to Gulf of Mexico (BAY). This portion 
of the study area included waters from the mouth 
of the Barron River to Indian Key Pass along the 
marked channel southwest (approximately 9.5 
km). The route included areas around numerous 
mangrove islands and oyster bars. Abundant 
seagrass beds were present at the southwestern 
end of the area near Indian Key. The Everglades 
study area was surveyed 25 times, twice per 
month from January 1986 to January 1987
(Tables 1, 6).
Ochopee (1987-1988)
Ochopee is located on U.S. 41, 11 km northeast of 
Everglades City. It consists of several residential 
canals. Dredged canals on the south side of U.S. 
41 connect to Halfway Creek, which leads to 
Chokoloskee Bay. The study area also included 
a pond on the north side of U.S. 41 (Map 10). 
The pond and the canal on the west side were 
dredged for spoil to create the U.S. 41 roadway 
and the upland areas of Ochopee. The water 
clarity of the canal was inconsistent, which was 
probably due to variations in rainfall and algal 
blooms.The waters of Halfway Creek were 
typically muddy and tannin-stained. Halfway 
Creek vegetation included sawgrass in the upper 
reaches and mangroves in the more estuarine 
areas. Overhanging mangroves completely 
obscured the western half of the creek, which 
precluded using aerial surveys in this area.
The Ochopee study area (OCH) was surveyed 
44 times, twice per month from March 1987 to 
December 1988 (Tables 1, 7). Originally, only the 
finger canals and Halfway Creek were surveyed. 
In December 1987, manatees were incidentally 
seen in a pond on the northeastern side of U.S. 41, 
so this area was added to the survey.
Aerial Survey Protocols
Surveys began and ended at Page Field in Fort 
Myers. Each survey covered two or three of the 
six study areas, as described in each study area 
section (Table 1). Except for Marco Island, the 
study areas were divided into subareas that were 
usually circled or passed over twice. Because of 
the size of the Marco Island study area, only one 
pass was made over each part of the area.
Results
Counts
A total of 7,884 manatees were seen over the
course of the study (Table 1). Of those sightings, 
798 (10%) were calves. The majority of the 
sightings were made in the POI study area (5,562 
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Figure 1  Number of manatees observed per survey by month, 
Wiggins Pass study area (n = 24 surveys), March 1987 to 
February 1988 (ASWIG data set).
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Map 11  Sightings of manatees during aerial surveys (warm and cold seasons) in Wiggins Pass, Collier County, Florida 
(n = 24 surveys) from March 1987 to February 1988 (ASWIG data set).
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Table 8  Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, for six studies 
in Collier County, Florida, 1986 to 1990. Mean counts that are not significantly different have the same letter in the column titled 
Difference of Means.
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Table 8 a t aeri l surve  counts ( ean, i i , i vari seas , f  
six studies in Collier County, Florida, 1986 to 1990. Mean counts hat are not significa tly different have th  same letter in 
the column titled Difference of Means. 
Time	  Period	  
No.	  of	  
Surveys	   Mean	   Min	   Max	   SD	   Median	  
Difference	  
of	  Means	  
%	  
Calves	  
WIGGINS (3/87–2/88, n = 24 surveys) 
Total 24 0.7 0 4 1.1 0 – 12.0
Seasons 
Warm (Mar.–Nov.) 18 0.9 0 4 1.2 0.5 A 12.0 
Cold (Dec.–Feb.) 6 0 0 0 0 0 A – 
r2 = 0.14, F = 3.54, df = 1,22, P = 0.07 
Quarters 
Spring (Mar.–May) 6 0.3 0 2 0.8 0 B 0.0 
Summer (Jun.–Aug.) 6 2.0 1 4 1.3 1.5 A 18.1 
Fall (Sep.–Nov.) 6 0.5 0 2 0.8 0 B 0.0 
Winter (Dec.–Feb.) 6 0 0 0 0 0 B – 
r2 = 0.49, F = 6.35, df = 3,20, P = 0.003 
NAPLES (1/86–1/87, n = 25 surveys) 
Total 25 6.7 0 27 6.6 5 – 7.3
Seasons 
Warm (Mar.–Nov.) 18 8.4 1 27 6.9 7 A 5.2
Cold (Dec.–Feb.) 7 2.1 0 6 2.3 1 B 15.0
r2 = 0.19, F = 5.48, df = 1,23, P = 0.03 
Quarters 
Spring (Mar.–May) 6 4.0 1 7 2.7 3.5 B 0.0 
Summer (Jun.–Aug.) 6 15.7 9 27 6.8 14.5 A 8.9 
Fall (Sep.–Nov.) 6 5.7 1 11 3.6 5.5 B 6.6 
Winter (Dec.–Feb.) 7 2.1 0 6 2.3 1 B 15.0 
r2 = 0.65, F = 13.13, df = 3,21, P < 0.0001 
MARCO ISLAND (1/89–12/90, n = 47 surveys) 
Total 47 42.0 4 81 19.8 42 – 6.4
Seasons 
Warm (Mar.–Nov.) 36 48.8 19 81 16.1 48 A 5.8
Cold (Dec.–Feb.) 11 19.7 4 43 13.6 15 B 8.1
r2 = 0.39, F = 29.31, df = 1,45, P < 0.0001 
Quarters 
Spring (Mar.–May) 11 43.9 19 71 15.2 41 A 5.0 
Summer (Jun.–Aug.) 13 55.6 31 81 17.9 55 A 5.3 
Fall (Sep.–Nov.) 12 45.8 24 68 13.3 48 A 7.2 
Winter (Dec.–Feb.) 11 19.7 4 43 13.6 15 B 8.1 
r2 = 0.45, F = 11.65, df = 3,43, P < 0.0001 
PORT OF THE ISLANDS (1/86–12/90, n = 118 surveys) 
Total 118 28.5 2 95 16.9 24.5 – 12.1
Seasons 
Warm (Mar.–Nov.) 89 25.0 2 87 13.9 23 B 12.0
Cold (Dec.–Feb.) 29 39.6 10 95 20.5 37 A 12.2
r2 = 0.14, F = 18.83, df = 1,116, P < 0.0003 
Quarters 
Spring (Mar.–May) 29 34.4 13 87 16.1 32 A 13.2 
Summer (Jun.–Aug.) 30 22.9 2 49 12.1 20.5 B 11.9 
(continued next page) 
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ENVIRONMENTAL VARIABLES
Environmental data for variables that might influ-
ence survey counts were obtained for each survey
day. Daily low and high air temperatures, measured
at the Page airport in Fort Myers (°C), were taken from
National Oceanic and Atmospheric Administration
(NOAA) records.Wind speed (knots) and direction (de-
grees) were recorded at takeoff from Federal Avia-
tion Administration (FAA) reports at the Page airport.
When winds were reported as “light and variable,”
wind direction was coded as “missing”and wind speed
as 0.1 knots (0.19 km/hr). Water-surface conditions
(modified Beaufort scale) and percentage of cloud
cover were recorded at the start of each of the 16
Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, January
1984 to December 1985 (n = 48 surveys) and October 1994 to January 1998 (n = 47 surveys), Lee County, Florida (AMLEE94,
AMLEE97 data sets). Mean counts that are not significantly different have the same letter in the column titled Difference of
Means.
 f i r e
Time Period S rve s n x dian f eans lves
1984–85
Total 48 57.6 14 238 41.8 49 –
Seasons
Cold (Dec.–Feb.) 12 89.8 21 238 62.4 80 A
Warm (Mar.–Nov.) 36 46.9 14 135 25.5 47.5 B
10.4 
11.8
  9.9 
r2 = 0.20, F = 11.59, df = 1,46, P < 0.001
1994–1998
Total 47 147.6 37 410 70.7 133
Seasons
Cold (Dec.–Feb.) 13 218.2 53 410 83.4 234 A
– 9.8 
12.5
Warm (Mar.–Nov.) 34 120.6 37 221 41.7 122.5 B 9.7
r2 = 0.39, F = 28.7, df = 1,45, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
season P < 0.001
time-period*season P = 0.016
r2 = 0.59, F = 43.9, df = 3,91, P < 0.001
1984–1985
Quarters
Winter (Dec.–Feb.) 12 89.8 21 238 62.4 80 10.8
Spring (Mar.–May) 11 37.5 18 59 16.5 29 11.9
Summer (Jun.–Aug.) 12 45.5 29 65 11.0 47.5 B 10.8
Fall (Sep.–Nov.) 13 56.2 14 135 37.2 49 AB 9.9
r2 = 0.23, F = 4.3, df = 3,44, P < 0.01
1994–1998
Quarters
inter (Dec.–Feb.) 13 218.2 53 410 83.4 234 A 12.7
Spring (Mar.–May) 10 145.6 100 221 35.9 134 B 9.3
Summer (Jun.–Aug.) 10 120.0 40 189 38.9 119 B 8.9
Fall (Sep.–Nov.) 14 103.1 37 168 40.7 109 B 8.6
r2 = 0.43, F = 11.0, df = 3,43, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
quarter P < 0.001
time-period*quarter P = 0.015
r2 = 0.62, F = 20.0, df = 7,87, P < 0.001
manatees), followed by the Marco Island (1,973), 
Naples (167), Ochopee (98), Everglades City (67), 
and Wiggins Pass (17) study areas. However, 
this may be misleading, because the number of 
surveys in each area differed. The mean number 
of manatees seen per survey (year-round) were 
Port of the Islands, 31.8; Marco, 42.0; Naples, 
6.7; Everglades City, 2.7; Ochopee, 2.2; and 
Wiggins Pass, 0.7. The manatee-sighting data are 
available on the FWC–FWRI CD–ROM (manatee 
sightings AMWMC, AMMC90; FWC, 2000) and 
on the FWC website http://ocean.floridamarine.
org/mrgis/Description_Layers_Marine.
htm#marmam.
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Table 8  Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, for six studies 
in Collier County, Florida, 1986 to 1990. Mean counts that are not significantly different have the same letter in the column titled 
Difference of Means. (continued)
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Time	  Period	  
No.	  of	  
Surveys	  
 
Mean	  
 
Min	  
 
Max	  
 
SD	  
 
Median	  
Difference	  
of	  Means	  
%	  
Calves	  
Fall (Sep.–Nov.) 30 17.9 2 32 6.7 18 B 11.1 
Winter (Dec.–Feb.) 29 39.6 10 95 20.5 37 A 12.2 
r2 = 0.27, F = 13.71, df = 3,114, P < 0.0001 
EVERGLADES CITY (1/86–1/87, n = 25 surveys) 
 
Total 25 2.7 0 8 2.3 2 – 3.8 
Seasons 	   	   	   	   	   	   	   	  
Warm (Mar.–Nov.) 18 2.6 0 8 2.3 2.5 A 2.7 
Cold (Dec.–Feb.) 7 2.9 0 7 2.5 2 A 6.5 
r2 = 0.00, F = 0.06, df = 1,23, P = 0.82 
Quarters 
 
Spring (Mar.–May) 6 1.3 0 4 1.5 1 A 0.0 
Summer (Jun.–Aug.) 6 3.0 0 6 2.5 3.5 A 6.3 
Fall (Sep.–Nov.) 6 3.5 1 8 2.4 3 A 2.1 
Winter (Dec.–Feb.) 7 2.9 0 7 2.5 2 A 6.5 
r2 = 0.12, F = 0.99, df = 3,21, P = 0.42 
OCHOPEE (3/87–12/88, n = 44 surveys) 
 
Total 44 2.2 0 17 4.3 0 – 17.8 
Seasons 	   	   	   	   	   	   	   	  
Warm (Mar.–Nov.) 36 0.8 0 8 1.8 0 B 18.5 
Cold (Dec.–Feb.) 8 8.8 0 17 5.9 9.5 A 16.9 
r2 = 0.53, F = 48.3, df = 1,42, P < 0.0001 
Quarters 
 
Spring (Mar.–May) 12 0.8 0 8 2.3 0 B 12.5 
Summer (Jun.–Aug.) 12 0.3 0 2 0.6 0 B 0.0 
Fall (Sep.–Nov.) 12 1.3 0 5 2.0 0 B 30.8 
Winter (Dec.–Feb.) 8 8.8 0 17 5.9 9.5 A 16.9 
r2 = 0.54, F = 15.90, df = 3,40, P < 0.0001 
 
 
 
1–4, ANOVA, P = 0.003) than in the other quarters, al- 
though the difference in sightings is not large. Be- 
cause there were no counts in months other than in the 
summer season, the breakdown between warm and 
cold seasons was not significant (P = 0.07). 
 
Naples Bay and Surrounding Waters (1986–
1987) 
 
The Naples rea was surveyed 25 times from January 
1986 to January 1987 (Tables 1, 3, 8; Figure 2). Surveys 
in zones 1 and 4 were added soon after the study began 
and were surveyed only 21 times each. A total of 167 
manatees were seen (x¯ = 6.7, SD = 6.6, range 0–27; Table 
8), 16 of them calve  (7%). The highest count of 27 oc- 
curred on June 24, 1986. Manatee abundance was sea- 
sonal: significantly more manatees were seen in the 
 
 
 
 
 
 
 
Figure 2 Number of manatees observed per survey by month, 
Naples study area (n = 25 surveys), January 1986 to February 1987 
(ASNAPL data set). Figure 2  Number of manatees observed per survey by month, 
Naples study area (n = 25 surveys), January 1986 to January 
1987 (ASNAPL data set).
.
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ENVIRONMENTAL VARIABLES
E vironme tal data for variables that might influ-
ence su vey counts were obtained for each survey
day. Daily low and high air temperatures, measured
at the Page airport in Fort Myers (°C), were taken from
National Oceanic and Atmospheric Administration
(NOAA) records.Wind speed (knot ) and dir ctio (de-
grees) were recorded at takeoff from Federal Avia-
tion Administration (FAA) reports at the Page airport.
When winds were reported as “light and variable,”
wind direction was coded as “missing”and wind speed
as 0.1 knots (0.19 km/hr). Water-surface conditions
(modified Beaufort scale) and percentage of cloud
cover were record d at the start of ach of the 16
Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, January
1984 to Decemb r 1985 (n = 48 survey ) and October 1994 to January 1998 (n = 47 surveys), Lee County, Florida (AMLEE94,
AMLEE97 data sets). Mean counts that are not significantly different have the same letter in the colu n titled Difference of
Means.
 f i r e
Time Period S rve s n x dian f eans lves
1984–85
Total 48 57.6 14 238 41.8 49 –
Seasons
Cold (Dec.–Feb.) 12 89.8 21 238 62.4 80 A
Warm (Mar.–Nov.) 36 46.9 14 135 25 5 47.5 B
10.4 
11.8
  9.9 
r2 = 0.20, F = 11.59, df = 1,46, P < 0.001
1994–1998
Total 47 147.6 37 410 70.7 133
Seasons
Cold (Dec.–Feb.) 13 218.2 53 410 83.4 234 A
– 9.8 
12.5
Wa m (Mar.–Nov.) 34 120.6 37 221 4 7 122.5 B 9.7
r2 = 0.39, F = 28.7, df = 1,45, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
season P < 0.001
time-period*season P = 0.016
r2 = 0.59, F = 43.9, df = 3,91, P < 0.001
1984–1985
Quarters
Winter (Dec.–Feb.) 12 89.8 21 238 62.4 80 A 10.8
Spring (Mar.–May) 11 37.5 18 59 16.5 29 B 11.9
Summer (Jun.–Aug.) 12 45.5 29 65 11.0 47.5 B 10.8
Fall (Sep.–Nov.) 13 56.2 14 135 37.2 49 AB 9.9
r2 = 0.23, F = 4.3, df = 3,44, P < 0.01
1994–1998
Quarters
Winter (Dec.–Feb.) 13 218.2 53 410 83.4 234 A 12.7
Spring (Mar.–May) 10 145.6 100 221 35.9 134 B 9.3
Summer (Jun.–Aug.) 10 120.0 40 189 38.9 119 B 8.9
Fall (Sep.–Nov.) 14 103.1 37 168 40.7 109 B 8.6
r2 = 0.43, F = 11.0, df = 3,43, P < 0.001
1984–85 versus 1994–98
ime-period P < 0.001
q art r P < 0.001
time-period*quarter P = 0.015
r2 = 0.62, F = 20.0, df = 7,87, P < 0.001
Wiggins Pass (1987-1988)
The Wiggins Pass area was surveyed twice per 
month, 24 times from March 1987 through 
February 1988 (Tables 1, 2; Map 11; Figure 1). A 
total of 17 manatees (x¯ = 0.7/survey, SD = 1.12, 
range 0–4,Table 8) were seen, three (12%) of them 
calves. Manatees were seen only from May 
through September. The highest count of four 
manatees was made on July 8, 1987. Quarterly 
count data showed that manatees were 
significantly more abundant in the summer 
quarter (x¯ = 2.0, SD = 1.3, range 1–4, ANOVA, P 
= 0.003) than in the other quarters, although the 
difference in sightings is not large. Because there 
were no counts in months other than in the warm 
season, the breakdown between warm and cold 
seasons was not significant (P = 0.07).
Naples Bay and Surrounding
Waters (1986-1987)
The Naples area was surveyed 25 times from 
January 1986 to January 1987 (Tables 1, 3, 8; 
Figure 2). Surveys in zones 1 and 4 were added 
soon after the study began and were surveyed 
only 21 times each. A total of 167 manatees were 
seen (x¯ = 6.7, SD = 6.6, range 0–27; Table 8), 16 of 
them calves (7%). The highest count of 27 
occurred on June 24, 1986. Manatee abundance 
was seasonal: significantly more manatees were 
seen in the warm season (x¯ = 8.4, SD = 6.9; Table 8; 
Map 12) than in the cold season (x¯ = 2.1, SD = 
2.3, ANOVA, P = 0.03; Table 8; Map 13).The 
number of sightings by quarter showed that 
counts in the summer season (x¯ = 15.7, range 
9–27) were statistically higher than counts in 
the three other quarters (ANOVA, P = 0.0001). 
The months with the highest mean counts were 
June (x¯ = 23.0), July (x¯ = 11.0), and August (x¯ = 
13.0). The months with the lowest counts were 
December (x¯ = 1.0), February (x¯ = 1.5), and March 
(x¯ = 1.5).The most manatees were seen around 
Halloway Island near Rookery Bay (zone 4, 63), 
and Dollar Bay (zone 3, 51). Thirty-four manatees 
were counted in Naples Bay (zone 2) and the 
surrounding residential canals, and 19 were 
found in the Gordon River (zone 1). There was a 
significant difference in the manatee use of these 
areas during the warm and cold seasons. In the 
warm season, the highest percentage of manatees 
was seen around Halloway Island, and in the 
cold season, the most manatees were seen in the 
Naples Bay area (χ² = 12.9, P = 0.005).
Marco Island (1989-1990) 
Marco Island was surveyed 47 times between 
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Figure 3  Number of manatees observed per survey by month, 
Marco Island study area (n = 47 surveys), January 1989 to 
December 1990 (AMWMC, AMMC90 data sets).
Figure 4  Number of manatees observed per survey by month, 
Port of the Islands study area (n = 118 surveys), January 1986 to 
December 1990 (AMPRT data set).
January 1989 and December 1990 (Tables 1, 4, 8; 
Figure 3). A total of 1,973 manatees were 
observed, including 123 calves (6%). The mean 
number of manatees seen during this survey (x¯ = 
42.0, SD = 19.8, range 4–81) was higher than that 
seen in surveys of any of the other areas sampled. 
Manatees were seen during every survey, and 
the highest count of 81 occurred on June 14, 1990. 
More manatees were counted in the warm season 
(x¯ = 48.8, SD = 16.1, range 19–81; Map 14) than in 
the cold season (x¯ = 19.7, SD = 13.6, range 4–43, 
P < 0.0001; Table 8; Map 15). The mean number 
of manatees counted per survey was highest in 
summer (x¯ = 55.6, SD = 17.9), followed by fall 
(x¯ = 45.8, SD = 13.3), spring (x¯ = 43.9, SD = 15.2), 
and winter (x¯ = 19.7, SD = 13.6). The winter 
counts were significantly lower than counts made 
during the other three quarters (P < 0.0001). 
The highest mean monthly counts per survey 
occurred in June (x¯ = 62.4, SD = 19.9), and the 
lowest occurred in January (x¯ = 13.5, SD = 7.5).
Manatees were not distributed evenly over the 
survey route (Maps 6, 7), and it appears that the 
distribution changed seasonally. The proportion 
of sightings that were found within the Marco 
Island canal system was greater during the 
winter season than during the rest of the year. 
Conversely, proportionately fewer animals were 
found in the bays away from Marco Island (e.g., 
around Goodland) in the winter. Telemetry 
research has shown that during cold weather, 
manatees sometimes seek out artificially dredged 
canals that may be warmer than the open water 
(FWC and USGS, unpublished data).
Port of the Islands (1986-1990) 
The twice-monthly surveys began in January 1986 
and continued through December 1993 (n = 175 
surveys; Tables 1, 5, 8; Figure 4). The majority 
of manatees in these studies were sighted in 
the Port of the Islands because it was surveyed 
much longer than any other area (175 surveys 
in 8 years). A total of 5,562 manatees were seen 
during the eight years, and 633 were calves (11%). 
The mean number of manatees seen per survey at 
the Port of the Islands from 1986 to 1990 was 31.8 
(SD = 17.3, range 2–95). This mean was second 
only to that found in the Marco Island area. 
Manatees were observed at the Port of the Islands 
during every survey, and the highest count of 102 
occurred on April 20, 1993.
The data from 1986 to 1990 were examined for 
seasonal variations, manatees were significantly 
more abundant in the cold season (December–
February, x¯ = 39.6, SD = 20.5; Table 8; Map 16) 
than in the warm season (March–November, x¯ 
= 25.0, SD = 13.9; ANOVA, P = 0.0003; Table 8; 
Map 17). By quarter, significantly more manatees 
were sighted in winter (x¯ = 39.6) and spring (x¯ = 
34.4) than in summer (x¯ = 22.9) or fall (x¯ = 17.9, 
ANOVA, P = 0.0001, Table 8). March had the 
highest mean number (42.1) seen per survey 
of any month, followed by February (38.1) and 
January (36.5). The lowest mean numbers were 
seen in July (18.6), September (19.2), and October 
(19.7).
Most of the manatees (2,070, 61%) were seen in 
the main basin (zone 5, Maps 9, 10). There were 
769 (23%) seen in the Faka Union Canal (zone 6) 
and 529 (16%) in the channel to the gulf (zone 7). 
In the main basin (zone 5), manatees were most 
often seen in the center channel that extends from 
the dam to the Faka Union canal, in the marina 
basin, in the northernmost finger canal on the 
east side across from the marina basin, and in 
the southernmost finger canal on the east side. 
However, manatees were found in all ten of the 
finger canals, including the most isolated one, the 
canal west of the former airstrip site. Manatees in 
the main basin (zone 1) most often appeared to be 
resting or loafing but also were observed feeding 
on floating vegetation, cavorting, or traveling.
In the Faka Union Canal (zone 6), manatees were 
almost always traveling, either north towards 
Port of the Islands or south towards the bay. 
Because managers were interested in a number 
of different regulatory schemes for the canal, 
researchers were asked to classify manatee 
distribution in the canal into the eastern, middle, 
and western thirds. Manatees traveled more in 
the middle third and the eastern third than in 
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Map 12  Warm-season sightings of manatees during aerial surveys in Naples Bay, Collier County, Florida (March–
November; n = 18 surveys) from January 1986 to January 1987 (ASNAPL data set).
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Map 13  Cold-season sightings of manatees during aerial surveys in Naples Bay, Collier County, Florida (December–
February; n = 7 surveys) from January 1986 to January 1987 (ASNAPL data set).
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Map 14  Warm-season sightings of manatees during aerial surveys in Marco Island, Collier County, Florida (March–
November; n = 36 surveys) from January 1989 to December 1990 (AMWMC and AMMC90 data sets).
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Map 15  Cold-season sightings of manatees during aerial surveys in Marco Island, Collier County, Florida (December–
February; n = 11 surveys) from January 1989 to December 1990 (AMWMC and AMMC90 data sets).
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Map 16  Cold-season sightings of manatees during aerial surveys in Port of the Islands, Collier County, Florida 
(December–February; n = 29 surveys) from January 1986 to December 1990 (AMPRT data set).
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Map 17  Warm-season sightings of manatees during aerial surveys in Port of the Islands, Collier County, Florida 
(March–November; n = 89 surveys) from January 1986 to December 1990 (AMPRT data set).
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Map 18  Cold-season sightings of manatees during aerial surveys in Everglades City, Collier County, Florida 
(December–February; n = 7 surveys) from January 1986 to January 1987 (ASGLAD data set).
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Map 19  Warm-season sightings of manatees during aerial surveys in Everglades City, Collier County, Florida (March–
November; n = 18 surveys) from January 1986 to January 1987 (ASGLAD data set).
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Map 20  Cold-season sightings of manatees during aerial surveys in Ochopee, Collier County, Florida (December–
February; n = 8 surveys) from March 1987 to December 1988 (ASOCHO data set).
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Map 21  Warm-season sightings of manatees during aerial surveys in Ochopee, Collier County, Florida (March–
November; n = 36 surveys) from March 1987 to December 1988 (ASOCHO data set).
the deeper western third of the canal. Of the 314 
sightings that could be categorized, only 16% 
were seen in the western third, 49% were in the 
middle, and 35% in the eastern third.
In the channel leading to the Gulf of Mexico (zone 
7), visibility was generally poorer than in the 
other zones at POI. Manatees were seen traveling 
in the marked channel and on the flats. Manatees 
were also observed feeding on seagrasses in the 
Gulf of Mexico at the southwestern end of the 
survey area.
Everglades City (1986-1987)
The Everglades City study area was surveyed 
25 times from January 1986 to January 1987 
(Tables 1, 6, 8; Maps 18, 19; Figure 5). A total of 67 
manatees were seen during this year-long survey 
(x¯ = 2.7/flight, SD = 2.3, range 0–8); 4 (6%) of 
those were calves. The highest count, eight, was 
made on October 3, 1986. There were no significant 
differences in the number of manatees seen by 
season (P = 0.82) or by quarter (P = 0.42; Table 8). 
More sightings were made in the channel to the 
gulf (37 or 1.9/survey) than in the Barron River 
(25 or 1.0/survey). The mean number of manatees 
seen per survey was highest in October (x¯ = 8.0), 
followed by December (x¯ = 6.0) and June (x¯ = 4.0). 
No manatees were seen during May, one was seen 
during February, and three were seen in March.
Ochopee (1987-1988)
The Ochopee study area was surveyed 44 times 
from March 1987 through December 1988 (Tables 
1, 7, 8; Figure 6). A total of 98 manatees were seen 
in the Ochopee survey, and a high percentage of 
them were calves (19 calves, 19.4%). The mean 
number of manatees seen per survey was 2.2 
(SD = 4.3, range 0–17). Manatees were seen 
during 15 of the 44 surveys (7 of 8 cold season 
surveys, 8 of 36 warm season). The highest count 
of 17 was made on February 11, 1988. Significantly 
more manatees were seen in the cold season (x¯ = 
8.8, range 0–17; Map 20) than the warm season 
(x¯ = 0.08, range 0–8, ANOVA, P < 0.0001; Table 8; 
Map 21).
There were no significant differences between 
spring, summer, or fall counts, but winter counts 
were significantly higher than those made in the 
other seasons (ANOVA, P < 0.0001). The highest 
mean counts were in January (x¯ = 12.0) and 
February (x¯ = 10.5). No manatees were seen in 
April, May, August, or November. Counts were 
highly variable in winter, and the highest counts 
were during the very cold periods.
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Figure 5  Number of manatees observed per survey by month, 
Everglades City study area (n = 25 surveys), January 1986 to 
January 1987 (ASGLAD data set).
Figure 6  Number of manatees observed per survey by month, 
Ochopee study area (n = 44 surveys), March 1987 to December 
1988 (ASOCHO data set).
Discussion
This study has demonstrated the importance of 
Collier County as a year-round manatee habitat. 
Counts show that the Port of the Islands is a 
major winter refuge. Water temperatures taken 
opportunistically in 1986 and 1987 showed that 
temperatures in the basin area were often 1°–3°C 
warmer than water temperatures in Faka Union 
Bay (FWC, unpublished data). It appears that 
this area is a warm-water refuge of regional 
significance. In fact, it attracts more manatees 
in the winter than some power plant effluents 
attract.
However, the Port of the Islands is more than 
just a winter refuge—manatees are found there 
throughout the year. It is likely that manatees are 
attracted to the Port of the Islands marina basin 
because of the fresh water flowing from the weir 
and because the waters are protected from the 
wind, currents, and fast-moving boats. However, 
this may change as freshwater flow through the 
Everglades is restored.
Although the number of manatees seen per 
survey was highest in the Marco Island survey, 
density of manatees was highest in the Port of the 
Islands area (Maps 14, 15). The area of the Port 
of the Islands survey (6.5 km2) was much smaller 
than that of the Marco Island survey (58.25 km2). 
The density of manatees in the Port of the Islands 
survey was an impressive 4.9 manatees/km2/
survey compared to 0.7 manatees/ km2/survey in 
Marco Island.
The seagrasses around Marco Island also 
appeared to be important manatee habitat 
year-round, especially in the warm months. 
Individual manatees probably use many of the 
areas discussed in this chapter. Radiotelemetry 
research has shown that manatees are migratory 
and travel extensively along the coast. Manatees 
captured and tagged while wintering in Tampa
 Bay and Fort Myers have traveled into southern 
Collier and Monroe counties during the warm 
months (Lefebvre and Frohlich, 1986; Weigle et 
al., 2001; FWC, unpublished data. Although some 
manatees probably spend the entire year within 
Collier County waters and the areas included in 
this chapter, it is likely that many travel north 
into Lee County and beyond. This is supported 
by the lower number of manatees seen during 
the winter in areas such as Marco Island. Most 
manatees at Marco Island in the winter probably 
leave the area during cold periods when water 
temperatures approach the lower limits of what 
the manatees can tolerate. These animals 
presumably travel either north to the thermal 
refuge at the Florida Power and Light Company’s 
Fort Myers power plant (120 km), south to Port 
of the Islands (24 km), or to other locations in 
extreme southwestern Florida (Chapter 15, this 
volume, Lee 1984–98).
Moore (1951d) suggested that Charlotte Harbor 
is the historic northern extent of the manatee’s 
year-round range on Florida’s west coast, except 
for those manatees that winter at natural springs 
such as those in Citrus County. Collier County is 
considered well within the manatee’s year-round 
historical range. Despite Collier County’s being 
in the southern portion of the manatee’s Florida 
range, many of the areas surveyed showed strong 
seasonal variations in abundance. Some parts 
of Collier County were used heavily in winter, 
some parts heavily in summer. Areas that provide 
some thermal benefits, such as Port of the Islands 
and the Ochopee canals, attract manatees in high 
numbers during the winter. Other less protected 
areas, such as the bays and sounds around Marco 
Island, showed marked decreases in manatee 
abundance during the winter. Within the Marco 
Island survey area itself, in winter manatees were 
often found clustered in a few dredged canals 
in particular, probably because of the thermal 
benefits of their deeper waters. Other manatees 
presumably left Collier County during the winter, 
heading north to the power plant in Lee County.
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Introduction 
Manatees are year-round residents in Collier 
County. Published reports of their presence date 
back to the 1930s (Cahn, 1940; Moore 1951a; 
Layne, 1965; Hartman, 1974; Beeler and O’Shea, 
1988). The Ten Thousand Islands and Port of the 
Islands in southern Collier County have long 
been reported as centers of activity for large 
numbers of manatees (Hartman, 1974). Abundant 
seagrass beds around the Ten Thousand Islands 
and freshwater inflow into the Faka Union Canal 
at Port of the Islands attract manatees year-round 
(Hartman, 1974; Patton et al., 1989).
From 1973 to 1976, Odell (1979) conducted 
48 surveys of manatees and dolphins. His 
surveys included part of Collier County, and he 
counted 0–72 manatees per survey. Irvine and 
Campbell (1978) coordinated two statewide 
manatee surveys in the winter and summer of 
1976. Observers counted a total of 163 manatees 
in Collier and Monroe counties after a winter 
cold front (January 29–February 3, 1976); 131 
of those were in Everglades National Park. 
From July through November 1979, Irvine et 
al. (1982) conducted four surveys covering the 
southwestern coast of Florida, counting 41–64 
manatees in Collier County. Staff of Everglades 
National Park conducted manatee aerial surveys 
in 1979–81 and 1991–93 (funded by FWC–FWRI) 
within the park in southern Collier and Monroe 
counties, an area that includes the southern part 
of the Ten Thousand Islands (Snow, 1991, 1992; 
O. Bass and R. Snow, Everglades National Park, 
personal communication).
In an earlier (1986–1990) study, the Florida 
Department of Natural Resources (later merged 
into the Florida Department of Environmental 
Protection [FDEP], part of which then 
became part of the Florida Fish and Wildlife 
Conservation Commission [FWC]) conducted 
manatee surveys twice per month within Collier 
County (n = 118 flights, Chapter 16, this volume, 
1986–90). Areas covered in that study included 
Wiggins Pass, Naples, Marco Island, Port of 
the Islands and Faka Union Canal and Pass, 
Everglades City, and Ochopee. The 1986–90 
surveys always covered Port of the Islands and 
Everglades City in the Ten Thousand Islands, 
but not all of the other areas were covered every 
year. The surveys of the Port of the Islands area 
covered only the marina basin and finger canals 
of the Port of the Islands Resort, the dredged 
channel of the Faka Union Canal and River, and 
out to Fakahatchee Pass. In this study (1991–93), 
more extensive surveys were conducted by 
FWC–FWRI over the Ten Thousand Islands 
area (Map 1). The area was surveyed to assess 
the seasonal distribution patterns of manatees 
throughout Collier County waters to provide 
information that could be used to help manage 
manatees in Collier County.
This chapter of the FWC–FWRI Technical Report 
documents the results of the 1991–93 FWC–FWRI 
aerial surveys.The raw data from these aerial 
survey studies (manatee sightings data and flight 
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routes) are available on the FWC–FWRI CD–
ROM (FWC, 2000) in GIS format and on the FWC 
website http://ocean.floridamarine.org/mrgis/
Description_Layers_Marine.htm#marmam.
Methods
Study Area
Ten Thousand Islands
The Ten Thousand Islands study area is part 
of the Ten Thousand Islands National Wildlife 
Refuge established in 1996. Many undeveloped 
areas under state or federal management are part 
of the study area, including Collier-Seminole 
State Park, Cape Romano–Ten Thousand Islands 
State Aquatic Preserve, and Everglades National 
Park. Everglades City and Chokoloskee are the 
only towns in the Ten Thousand Islands.
The study area consists of a complex landscape 
of numerous mangrove islands, oyster bars, 
and sand spits separated by tidal creeks and 
passes (Collier County, 1995). Most of the area 
is estuarine, with strong tidal influence and 
freshwater input from numerous creeks and 
drainage canals. Most bays are shallow, with 
muddy bottoms, tidal flats, and oyster reefs. 
The survey was also conducted in the Gulf of 
Mexico to a depth of about 2 m. Marine seagrass 
beds include turtle-grass (Thalassia testudinum), 
shoal-grass (Halodule wrightii), manatee-grass 
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Map 1  Flight path followed during aerial surveys of manatee distribution in Ten Thousand Islands, Collier County, 
Florida (n = 57 surveys) from January 1991 to November 1993 (FTTEN data set).
(Syringodium filiforme), star-grass (Halophila 
engelmannii), and various marine algae. This 
area contains rich pastures of turtle-grass and 
shoal-grass, believed to be the staple diet of 
manatees in Collier County (Hartman, 1974). 
Widgeon-grass (Ruppia maritima) is found in 
areas of brackish water. The mangrove forest 
in this area is one of the more extensive of the 
western hemisphere. Black mangroves (Avicennia 
germinans) and white mangroves (Laguncularia 
racemosa) often form dense forests in the 
intertidal saltwater zone. Red mangroves 
(Rhizophora mangle) (Collier County, 1995) form 
extensive forests fringing the deeper intertidal 
areas. See Chapter 16 (this volume, Collier 
County, 1986–90) for a more detailed  
description of the area.
Zones
The Ten Thousand Islands survey area was 
divided into six zones for analysis of manatee 
distribution (Map 2). Zones were bounded as 
follows:
Zone 1—Mud Bay and Coon Key Pass to 
Pumpkin Bay and Gullivan Key,
Zone 2—From Gullivan Key east to Faka Union 
Bay and Fakahatchee Pass,
Zone 3—Port of the Islands and Faka Union 
River and Canal,
Zone 4—From Faka Union Bay and Fakahatchee 
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Map 2  Six zones used in spatial analysis of aerial surveys of manatee distribution conducted during January 1991 to 
November 1993 in Ten Thousand Islands, Collier County, Florida (n = 57 surveys).
Pass to Everglades City and Indian Key Pass,
Zone 5—From Indian Key Pass east to 
Chokoloskee Bay and Sandfly Pass, and
Zone 6—From Sandfly Pass east to Sunday Bay 
and Rabbit Key Pass.
Other areas covered in the survey included the 
Blackwater River, Sugar Bay, Gullivan Bay, 
Buttonwood Bay, Whitney River, Pumpkin River, 
Fakahatchee Bay, Gate Bay, Gaskin Bay, West 
Pass Bay, Ferguson River, Russell Bay, Lane Cove, 
Turner River, Lopez River, and areas around 
Everglades City.
Port of the Islands
Port of the Islands is 35 km southeast of Naples. 
Formerly a resort and marina, Port of the Islands 
is now a small inland housing community 
consisting of a main marina basin, ten finger 
canals lined with boat docks and homes, and a 
long main channel connecting the community 
to the Ten Thousand Islands and the Gulf of 
Mexico (Patton et al., 1989). The resort was built 
in 1966. It was closed around 1977 and reopened 
as the Port of the Islands Resort in the early 1980s 
(Turrell, 1988; Patton et al., 1989). See Chapter 16 
(this volume, Collier County, 1986–90) for more 
details.
Zones
The Port of the Islands subarea was divided into 
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Table 1 Summary of aerial survey dates (n = 57 surveys), manatee counts, and percentage of calves, January 1991 to November 
1993, Ten Thousand Islands, Collier County, Florida (AMTEN data set). 
 
	   Manatees	   %	   	   	   	   Manatees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
17 Jan 91 32 3 35 8.6 Winter 	   17 Jul 92 206 10 216 4.6 Summer 
18 Feb 91 61 8 69 11.6 Winter 	   10 Aug 92 197 9 206 4.4 Summer 
12 Mar 91 97 4 101 4.0 Spring 	   31 Aug 92 124 7 131 5.3 Summer 
21 Mar 91 81 5 86 5.8 Spring 	   14 Sep 92 131 5 136 3.7 Fall 
11 Apr 91 105 10 115 8.7 Spring 	   19 Oct 92 122 4 126 3.2 Fall 
22 Apr 91 100 6 106 5.7 Spring 	   27 Oct 92 93 7 100 7.0 Fall 
07 May 91 103 8 111 7.2 Spring 	   30 Nov 92 63 6 69 8.7 Fall 
28 May 91 80 6 86 7.0 Spring 	   16 Dec 92 59 3 62 4.8 Winter 
10 Jun 91 88 3 91 3.3 Summer 	   06 Jan 93 51 5 56 8.9 Winter 
20 Jun 91 150 9 159 5.7 Summer 	   20 Jan 93 61 10 71 14.1 Winter 
22 Jul 91 153 4 157 2.5 Summer 	   04 Feb 93 92 12 104 11.5 Winter 
20 Aug 91 131 4 135 3.0 Summer 	   25 Feb 93 98 5 103 4.9 Winter 
27 Aug 91 162 8 170 4.7 Summer 	   09 Mar 93 145 16 161 9.9 Spring 
09 Sep 91 82 3 85 3.5 Fall 	   29 Mar 93 131 11 142 7.7 Spring 
24 Sep 91 109 5 114 4.4 Fall 	   20 Apr 93 161 15 176 8.5 Spring 
18 Oct 91 107 4 111 3.6 Fall 	   29 Apr 93 65 12 77 15.6 Spring 
28 Oct 91 90 5 95 5.3 Fall 	   14 May 93 89 11 100 11.0 Spring 
18 Nov 91 83 5 88 5.7 Fall 	   28 May 93 78 8 86 9.3 Spring 
10 Dec 91 57 6 63 9.5 Winter 	   10 Jun 93 92 6 98 6.1 Summer 
23 Dec 91 88 3 91 3.3 Winter 	   14 Jun 93 126 7 133 5.3 Summer 
08 Jan 92 71 7 78 9.0 Winter 	   30 Jun 93 112 6 118 5.1 Summer 
27 Jan 92 76 4 80 5.0 Winter 	   30 Jul 93 101 6 107 5.6 Summer 
24 Mar 92 81 12 93 12.9 Spring 	   23 Aug 93 93 10 103 9.7 Summer 
27 Mar 92 113 7 120 5.8 Spring 	   17 Sep 93 72 5 77 6.5 Fall 
15 Apr 92 100 6 106 5.7 Spring 	   18 Oct 93 63 5 68 7.4 Fall 
24 Apr 92 89 8 97 8.2 Spring 	   28 Oct 93 70 5 75 6.7 Fall 
11 May 92 165 9 174 5.2 Spring 	   19 Nov 93 61 3 64 4.7 Fall 
20 May 92 134 6 140 4.3 Spring 	   30 Nov 93 59 6 65 9.2 Fall 
19 Jun 92 184 10 194 5.2 Summer Total  5,787       393   6,180         6.4 
 
ied in this area and was most turbid whe  large groups 
of manatees stirred up bottom sediment. A number of 
changes occurred during the course of these studies 
(1986–93, Chapter 16, this volume). In 1987, about half 
of the shoreline of the fi canals had been stabilized 
with bulkheads, there were docks and moored boats 
only in the main basin, and vacant lots surrounded the 
finger canals. Over the eight-year study period, most 
of the remaining shoreline was stabilized, and nu- 
merous single-family residences with accompanying 
docks and boats were built along the finger canals. 
The development of single-family residences h s con- 
tinued, and development is now largely complete. 
Zone 2—Faka Union Canal.This canal connects the 
Port of the Islands basin to Faka Union Bay and the Ten 
Thousand Islands. In 1966, this canal was dredged to 
straighten and deepen the original shallow stream. It 
is now very straight, except at the mouth where there 
are a few turns, and uniformly 60 m wide.The canal is 
approximately 4.8 km long and 1–3 m deep. The 
dredged spoil was deposited along the west bank.The 
east bank of the canal remained natural, with scat- 
tered mangrove islands and tidal creeks. 
Zone 3—Channel to the Gulf of Mexico.The survey 
route followed the marked navigation channel that 
leads from the m th of Faka Union Canal and runs
south acr ss F ka Union Bay to the gulf (8 km). 
 
Aerial Survey Protocols 
 
Aerial surveys of the Ten Thousand Islands and the Port 
of the Islands region were conducted twice per month 
(n = 57 surveys) from January 1991 until November 1993. 
During twelve months of the study, only one survey per 
month was conducted because of various logistical 
constraints (January, Febuary, July, and November 
1991; June, July, September, November, and December
1992; July, August, and September 1993;Table 1). No sur- 
e 1  Summary of aerial survey dates (n = 57 surveys), m natee counts, and p rcentage of calves, January 991 t  November 
,  Thous  Isla , ll  ,   t  .
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Table 1 Su mary of aerial survey dates (n = 57 s r e s),  e of calves, January 19 1 to November 
1993, Ten Thousand Islands, Collier County, Florida (AMTEN data set). 
 
	   M natees	   %	   	   	   	   M natees	   %	  
Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	   	   Date	   	   Adults	   Calves	   Total	   Calves	  Quarter	  
17 Jan 91 32 3 35 8.6 Winter 	   17 Jul 92 206 10 216 4.6 Su mer 
18 Feb 91 61 8 69 11.6 Winter 	   10 Aug 92 197 9 206 4.4 Su mer 
12 Mar 91 97 4 01 4.0 Spring 	   31 Aug 92 124 7 31 5.3 Su mer 
21 Mar 91 81 5 86 5.8 Spring 	   14 Sep 92 31 5 136 3.7 Fall 
11 Apr 91 105 10 115 8.7 Spring 	   19 Oct 92 122 4 126 3.2 Fall 
22 Apr 91 100 6 106 5.7 Spring 	   27 Oct 92 93 7 100 7.0 Fall 
07 May 91 103 8 11 7.2 Spring 	   30 Nov 92 63 6 69 8.7 Fall 
28 May 91 80 6 86 7.0 Spring 	   16 Dec 92 59 3 62 4.8 Winter 
10 Jun 91 88 3 91 3.3 Su mer 	   06 Jan 93 51 5 56 8.9 Winter 
20 Jun 91 150 9 159 5.7 Su mer 	   20 Jan 93 61 10 71 14.1 Winter 
22 Jul 91 153 4 157 2.5 Su mer 	   04 Feb 93 92 12 104 11.5 Winter 
20 Aug 91 31 4 135 3.0 Su mer 	   25 Feb 93 98 5 103 4.9 Winter 
27 Aug 91 162 8 170 4.7 Su mer 	   09 Mar 93 145 16 61 9.9 Spring 
09 Sep 91 82 3 85 3.5 Fall 	   29 Mar 93 31 11 142 7.7 Spring 
24 Sep 91 109 5 114 4.4 Fall 	   20 Apr 93 61 15 176 8.5 Spring 
18 Oct 91 107 4 11 3.6 Fall 	   29 Apr 93 65 12 77 15.6 Spring 
28 Oct 91 90 5 95 5.3 Fall 	   14 May 93 89 11 100 11.0 Spring 
18 Nov 91 83 5 88 5.7 Fall 	   28 May 93 78 8 86 9.3 Spring 
10 Dec 91 57 6 63 9.5 Winter 	   10 Jun 93 92 6 98 6.1 Su mer 
23 Dec 91 88 3 91 3.3 Winter 	   14 Jun 93 126 7 133 5.3 Su mer 
08 Jan 92 71 7 78 9.0 Winter 	   30 Jun 93 112 6 118 5.1 Su mer 
27 Jan 92 76 4 80 5.0 Winter 	   30 Jul 93 01 6 107 5.6 Su mer 
24 Mar 92 81 12 93 12.9 Spring 	   23 Aug 93 93 10 103 9.7 Su mer 
27 Mar 92 113 7 120 5.8 Spring 	   17 Sep 93 72 5 77 6.5 Fall 
15 Apr 92 100 6 106 5.7 Spring 	   18 Oct 93 63 5 68 7.4 Fall 
24 Apr 92 89 8 97 8.2 Spring 	   28 Oct 93 70 5 75 6.7 Fall 
11 May 92 165 9 174 5.2 Spring 	   19 Nov 93 61 3 64 4.7 Fall 
20 May 92 134 6 140 4.3 Spring 	   30 Nov 93 59 6 65 9.2 Fall 
19 Jun 92 184 10 194 5.2 Su mer Total  5, 87       93   6,180         6.4 
 
ied in this area and was most turbid when large groups 
of m natees stirred up bottom sediment. A number of 
changes occurre  during the course of th se studies 
(1986–93, Chapter 16, this volume). In 1987, about half 
of the shoreline of the fi c nals had been stabilized 
with bulkheads, th re w re docks and moored boats 
only in the main basin, and v cant lots surroun ed the 
finger c nals. Over the eight-year study period, most 
of the rema ing shoreline wa  stabilized, and nu- 
merous single-family residences with accompanying 
docks and boats w re built along the finger canals. 
The d velopment of single-family residences has con- 
tinued, an  d velopment is now largely compl te. 
Zone 2—F ka Union C nal.This c nal connec s the 
Port of the Islands basin to F ka Union Bay and the Ten 
Thousand Islands. In 1966, this c nal was dredged to 
straighten an  de pen the original shallow stream. It 
is now very straight, except at the mouth wh re th re 
are a few turns, and uniformly 60 m wide.The c nal is 
approximately 4.8 km long and 1–3 m deep. The 
dredged spoil was deposited along the west bank.The 
east bank of the c nal remained natural, with scat- 
t red mangrove islands and tidal creeks. 
Zone 3—Channel to the Gulf of Mexico.The survey 
route f llowed the marked navigation channel that 
leads from the mouth of F ka Union C nal and runs 
south across F ka Union Bay to the gulf (8 km). 
 
Aerial Survey Pr tocols 
 
Aerial surveys of the Ten Thousand Islands and the Port 
of the Islands region w re conducted twice per month 
(n = 57 surveys) from January 1991 until November 1993. 
During twelve months of the study, only one survey per 
month was conducted because of various log stical 
constraints (January, Febuary, July, and November 
1991; June, July, September, November, nd D cember 
1992; July, A gust, and September 1993;Table 1). No sur- 
Date           Adults  Calves  Total   Calves  Quarter
Mana s %
Date           Adults  Calves  Total   Calves  Quarter
Manat %
three zones:
Zone 1—Main Basin. The Port of the Islands 
development consists of ten dredged finger 
canals and a wider marina area. The central 
canal extends under U.S. 41, where there is an 
overflow weir managed by the South Florida 
Water Management District (SFWMD). Fresh 
water flows over the weir, but manatees cannot 
access the canals above the weir. The marina 
basin is 2–4 m deep and has steeply sloped 
sides (Patton et al., 1989). During surveys, water 
clarity varied in this area and was most turbid 
when large groups of manatees stirred up 
bottom sediment. A number of changes occurred 
during the course of these studies (1986–93, 
Chapter 16, this volume). In 1987, about half 
of the shoreline of the finger canals had been 
stabilized with bulkheads, there were docks and 
moored boats only in the main basin, and vacant 
lots surrounded the finger canals. Over the 
eight-year study period, most of the remaining 
shoreline was stabilized, and numerous single-
family residences with accompanying docks 
and boats were built along the finger canals. 
The development of single-family residences 
has continued, and development is now largely 
complete.
Zone 2—Faka Union Canal.This canal connects 
the Port of the Islands basin to Faka Union Bay 
and the Ten Thousand Islands. In 1966, this 
canal was dredged to straighten and deepen 
the original shallow stream. It is now very 
straight, except at the mouth where there are a 
few turns, and uniformly 60 m wide.The canal 
is approximately 4.8 km long and 1–3 m deep. 
The dredged spoil was deposited along the 
west bank. The east bank of the canal remained 
natural, with scattered mangrove islands and 
tidal creeks.
Zone 3—Channel to the Gulf of Mexico. The 
survey route followed the marked navigation 
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Table 2  Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance) and percentage of calves, 
by season (n = 57 surveys), Ten Thousand Islands, Collier County, Florida, January 1991 to November 1993. Mean counts that are 
not significantly different have the same letter in the column titled Difference of Means. (AMTEN data set)
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Table 2 a atee aerial s r e  co ts ( ea , i i , a i , , median, and analysis of variance) and percentage 
of calves, by season (n = 57 surveys), Ten Thousand Islands, ollier County, Florida, January 1991 to November 1993. Mean 
counts that are not significantly different have the same letter in the column titled Difference of Means. (AMTEN data set) 
 
Time	  Period	  
No.	  of	  
Surveys	  
 
Mean	  
 
Min	  
 
Max	  
 
SD	  
 
Median	  
Difference	  
of	  Means	  
%	  
Calves	  
Total 
Seasons 
Warm (Mar.–Nov.) 
57 
 
46 
108.4 
 
116.7 
35 
 
64 
216 
 
216 
39.0 
 
37.9 
101 
 
106.5 
 
 
A 
– 6.7 
 
6.4 
Cold (Dec.–Feb.) 11 73.8 35 104 20.6 71 	   B 8.3 
r 2 = 0.19, F = 13.01, df = 1,55, P = 0.0007 
Quarters 
Spring (Mar.–May) 18 115.4 77 176 30.7 106 AB 7.9 
Summer (Jun.–Aug.) 14 144.1 91 216 40.8 134 A 5.0 
Fall (Sep.–Nov.) 14 90.9 64 136 23.5 86.5 BC 5.7 
Winter (Dec.–Feb.) 11 73.8 35 104 20.6 71 C 8.3 
r 2 = 0.42, F = 13.02, df = 3,53, P < 0.0001 
 
veys were made in February 1992 and three were made 
in June 1993. Survey flights were initiated and termi- 
nated at Page Field in Fort Myers, Florida. 
Surveys were made and information recorded ac- 
cording to protocols described in Chapter 2 of this 
volume. Surveys of the region began at Mud Bay near 
Coon Key Pass and terminated at Rabbit Key Pass 
(Map 1). Surveys ge erally followed a northwest to 
sou heast direction along a complex, winding, stan- 
dardized route designed to cover all of the best man- 
atee habitat known. Surveys covered many of the 
numerous bays and passes accessible to manatees and 
the numerous rivers that empty into the bay. The Gulf 
of Mexico was surveyed offshore to approximately the 
2-m-depth contour marked on NOAA 1:40,000 navi- 
gation charts. 
 
Results	  
	  
Fifty-seven surveys were conducted (January 1991–No- 
vember 1993) in which a total of 6,180 (5,787 adults 
and 393 calves) manatees were observed (Table 1). 
Manatees were recorded on all surveys. A mean of 
108.4 (SD = 39.0, median = 101, ange 35–216) manat es 
were counted per survey (Table 2). The overall per- 
centage of calves was 6.7%. The highest count of 216 
manatees (206 adults, 10 calves) was recorded on July 
17, 1992 (Figure 1). The highest percentage of calves 
(15.6%) was observed on April 29, 1993. The lowest 
count, 35 manatees, was mad  on January 17, 1991, 
and the lowest percentage of calves was seen on July 
22, 1991 (2.5%). Average group size during the study was 
2.2 manatees (n = 2,842 groups, SD = 2.0, median = 2, 
95th percentile = 6, max = 20 manatees). Many f th  
sightings were of a single manatee (49% of all groups). 
GIS data sets are available on CD–ROM (manatee 
sightings AMTEN, flight route FTTEN; FWC, 2000). 
Counts varied significantly with season (ANOVA, 
P = 0.001; Table 2, Figure 1).The highest counts were in 
the warm season (March–Nove ber, n = 46 surveys, x¯ 
= 116.7, SD = 37.9; Map 3) and lowest in the cold sea- 
son (December–February, n = 11 surveys, x¯ = 73.8, SD 
= 20.6; Map 4). The percentage of calves was lower 
(6.4%) in the warm season than in the cold season 
(8.3%). 
The number of manatees recorded by quarters 
was similarly highest in the summer (June–August, n 
= 14 surv ys, x¯ = 144.1, SD = 40.8), followed by spring 
(March–May, n = 18 surveys, x¯ = 115.4, SD = 30.7), fall 
(September–November, n = 14 surveys, x¯ = 90.9, SD = 
 
 
Figure 1 Number of manatees observed per survey, by month (n 
= 57 surveys), January 1991 to November 1993, Ten Thousand Is- 
lands, Collier County, Florida (AMTEN data set). Figur  1  Number of manatees observed per survey, by month 
(n = 57 surveys), January 1991 to November 1993, Ten 
Thousand Islands, Collier County, Florida (AMTEN data set).
.
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ENVIRONMENTAL VARIABLES
Environmental data for variables that might influ-
ence survey counts were obtained for each survey
day. Daily low and high air temperatures, measured
at the Page airport in Fort Myers (°C), were taken from
National Oceanic and Atmospheric Administration
(NOAA) records.Wind speed (knots) and direction (de-
grees) were recorded at takeoff from Federal Avia-
tion Administration (FAA) reports at the Page airport.
When winds were reported as “light and variable,”
wind direction was coded as “missing”and wind speed
as 0.1 knots (0.19 km/hr). Water-surface conditions
(modified Bea fort scale) and percentage f cloud
cover were record d at the start of ach of th  16
Table 4 Manatee aerial survey counts (mean, minimum, maximum, SD, median, and analysis of variance), by season, January
1984 to December 1985 (n = 48 surveys) and October 1994 to January 1998 (n = 47 surveys), Lee County, Florida (AMLEE94,
AMLEE97 data sets). Mean counts that are not significantly different have the same letter in the column titled Difference of
Means.
 f e
Time Period Surveys i n f eans lves
1984–85
Total 48 57.6 14 238 41.8 49 –
Seasons
Cold (Dec.–Feb.) 12 89.8 21 238 62.4 80 A
Warm (Mar.–Nov.) 36 46.9 14 135 25.5 47.5 B
10.4 
11.8
  9.9 
r2 = 0.20, F = 11.59, df = 1,46, P < 0.001
1994–1998
Total 47 147.6 37 410 70.7 133
Seasons
Cold (Dec.–Feb.) 13 218.2 53 410 83.4 234 A
– 9.8 
12.5
Warm (Mar.–Nov.) 34 120.6 37 221 41.7 122.5 B 9.7
r2 = 0.39, F = 28.7, df = 1,45, P < 0.001
1984–85 versus 1994–98
t me-p riod P < 0.001
se son P < 0.001
time-period*season P = 0.016
r2 = 0.59, F = 43.9, df = 3,91, P < 0.001
1984–1985
Qua ters
inter (Dec.–Feb.) 12 89.8 21 38 62.4 80 A 10.8
Spring (Mar.–May) 11 37.5 18 59 16.5 29 B 11.9
Summer (Jun.–Aug.) 12 45.5 29 65 11.0 47.5 B 10.8
Fall (Sep.–Nov.) 13 56.2 14 135 37.2 49 AB 9.9
r2 = 0.23, F = 4.3, df = 3,44, P < 0.01
1994–1998
Quarters
Winter (Dec.–Feb.) 13 218.2 53 410 83.4 234 A 12.7
Spring (Mar.–May) 10 145.6 100 221 35.9 134 B 9.3
Summer (Jun.–Aug.) 10 120.0 40 189 38.9 119 B 8.9
Fall (Sep.–Nov.) 14 103.1 37 168 40.7 109 B 8.6
r2 = 0.43, F = 11.0, df = 3,43, P < 0.001
1984–85 versus 1994–98
time-period P < 0.001
qu rter P < 0.001
time-pe iod*quart r P = 0.015
r2 = 0.62, F = 20.0, df = 7,87, P < 0.001
channel that leads from the mouth of Faka Union 
Canal and runs south across Faka Union Bay to 
the gulf (8 km).
Aerial Survey Protocols
Aerial surveys of the Ten Thousand Islands and 
the Port of the Islands region were conducted 
twice per month (n = 57 surveys) from January 
1991 until November 1993. During twelve months 
of the study, only one survey per month was 
conducted because of various logistical constraints 
(January, February, July, and November 1991; June, 
July, September, November, and December 1992; 
July, August, and September 1993; Table 1). No 
surveys were made in February 1992 and three 
were made in June 1993. Survey flights were 
initiated and terminated at Page Field in Fort 
Myers, Florida.
Surveys were made and information recorded 
according to protocols described in Chapter 2 
of this volume. Surveys of the region began at 
Mud Bay near Coon Key Pass and terminated 
at Rabbit Key Pass (Map 1). Surveys generally 
followed a northwest to southeast direction along 
a complex, winding, standardized route designed 
to cover all of the best manatee habitat known. 
Surveys covered many of the numerous bays and 
passes accessible to manatees and the numerous 
rivers that empty into the bay. The Gulf of Mexico 
was surveyed offshore to approximately the 
2-m-depth contour marked on NOAA 1:40,000 
navigation charts.
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Map 3  Warm-season sightings of manatees during aerial surveys in the Ten Thousand Islands, Collier County, Florida 
(n = 46 surveys), January 1991 to November 1993 (AMTEN data set).
Results
Fifty-seven surveys were conducted (January 
1991–November 1993) in which a total of 6,180 
(5,787 adults and 393 calves) manatees were 
observed (Table 1). Manatees were recorded on 
all surveys. A mean of 108.4 (SD = 39.0, median 
= 101, range 35–216) manatees were counted per 
survey (Table 2). The overall percentage of calves 
was 6.7%. The highest count of 216 manatees 
(206 adults, 10 calves) was recorded on July 17, 
1992 (Figure 1). The highest percentage of calves 
(15.6%) was observed on April 29, 1993. The 
lowest count, 35 manatees, was made on January 
17, 1991, and the lowest percentage of calves was 
seen on July 22, 1991 (2.5%). Average group size 
during the study was 2.2 manatees (n = 2,842 
groups, SD = 2.0, median = 2, 95th percentile = 6, 
max = 20 manatees). Many of the sightings were 
of a single manatee (49% of all groups). GIS data 
sets are available on CD–ROM (manatee 
sightings AMTEN, flight route FTTEN; FWC, 
2000).
Counts varied significantly with season (ANOVA, 
P = 0.001; Table 2, Figure 1).The highest counts 
were in the warm season (March–November, 
n = 46 surveys, x¯ = 116.7, SD = 37.9; Map 3) and 
lowest in the cold season (December–February, 
n = 11 surveys, x¯ = 73.8, SD = 20.6; Map 4). The 
percentage of calves was lower (6.4%) in the 
warm season than in the cold season (8.3%).
The number of manatees recorded by quarters 
was similarly highest in the summer (June–
Edwards, Ackerman                                                                            Aerial Surveys of Manatee Distribution
FWRI Technical Report - TR19  -----------------------------------------------------------------------------------------------------------  258
Map 4  Cold-season sightings of manatees during aerial surveys in the Ten Thousand Islands, Collier County, Florida (n 
= 11 surveys), January 1991 to November 1993 (AMTEN data set).
August, n = 14 surveys, x¯ = 144.1, SD = 40.8), 
followed by spring (March–May, n = 18 surveys, 
x¯ = 115.4, SD = 30.7), fall (September–November, 
n = 14 surveys, x¯ = 90.9, SD = 23.5), and winter 
(December–February, n = 11 surveys, x¯ = 73.8, SD 
= 20.6; Table 2, Figure 1). Summer counts were 
significantly higher than fall and winter counts. 
Summer and spring counts were not significantly 
different. Spring counts were also significantly 
higher than winter counts. Winter and fall 
counts were not significantly different from each 
other (Table 2). The highest percentage of calves 
occurred in the winter (8.3%; Table 2), followed 
by spring (7.9%), fall (5.7%), and summer (5.0%).
Sightings of manatees were not evenly 
distributed over the survey area year-round 
(Table 3, P < 0.001; Maps 3, 4). Significantly 
more manatees were present in Zone 3 (Port of 
the Islands) during the cold months than in the 
remaining Gulf Coast zones (χ² = 533, df = 5, P 
< 0.001). The proportion of manatees observed 
in each zone differed significantly, depending 
upon the quarter of the year. Port of the Islands 
zones had the highest winter counts; 50% of 
the manatees seen in winter were there. In the 
spring, 26% of manatee sightings were recorded 
there, and only 11% in the summer and 13% 
in fall. Zone 1 had the lowest percentage of 
manatees in the winter (<1%). In the warm 
season, manatees were more evenly distributed 
throughout the study area. During the spring, 
summer, and fall, distribution of manatees in the 
six zones was similar. However, zone 6 (Sandfly 
Pass to Rabbit Key Pass) was used extensively in 
summer (39%) and fall (28%), and zone 5 (Indian 
Key Pass to Sandfly Pass) was used heavily in fall 
(25%; Table 3).
Discussion
The Ten Thousand Islands and the Port of the 
Islands areas in southern Collier County are 
important to manatees as feeding areas in the 
warm months and as wintering areas in the 
cold months. Manatee counts in the study area 
were highest in the summer and lowest in the 
winter. The highest count during this survey, 
and at that time the highest count ever made in 
Collier County, was 216 manatees on July 17, 
1992. In each of the three years of our study, the 
total counts of manatees increased from January 
to July and then declined from July to January 
(Figure 1). Fewer manatees were counted during 
winter (x¯ = 73.8 manatees/survey) than in 
summer (x¯ = 144.1; Table 2).
In contrast, use of the Port of the Islands zone 
was highest in winter (50% of all sightings) and 
lower in the summer and early fall.The mean 
count by month during this study was highest 
in March (x¯ = 56.6). The highest counts in each 
year occurred between January and May (highest 
count, 102 manatees, April 20, 1993). In winter, 
the deeper marina basin and finger canals at 
Port of the Islands probably retain heat and 
during short cold periods provide warmer water 
than do the nearby shallow bays or the Gulf 
of Mexico. Port of the Islands is the only large, 
deep, naturally warmed canal system in southern 
Collier County (next available canals are at 
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Table 3 Number of manatees observed in aerial surveys, 
and percentage, by zone and quarter (n = 57 surveys), Jan- 
uary 1991 to November 1993, Ten Thousand Islands, Col- 
lier County, Florida. Column percentages are in parentheses. 
(AMTEN data set) 
Quarter	  
Zone	  	  	  Winter	  	  	  	   Spring	  	   	   Summer	  	  	  	  	  Fall	  	  	  	  	  	   Total	  
USGS, 2000–2003, unpublished telemetry data). 
The percentage of calves in the study area did not 
change significantly over the year (ANOVA, P = 0.001). 
However, the percentage of calves as lowest in sum- 
m r highest in winter (Table 2).The concentration 
of manate s at Port of the Islands in winter (Table 3) may 
ccount for t  increased percentage of c lves recorded 
in that season. Mothers with calves probably seek out 
the warmer waters and protection at Port of the Islands. 
(n = 2,842 groups containing 6,180 manatees, χ2 =364.6, 
df = 12, P < 0.0001) 
winter (Weigle et al., 2001; USGS telemetry data; FWC 
photoidentification data; L. Keith, FWC, personal com- 
munication). Some travel south to the Everglades, an- 
other unheated winter-use area. 
The visibility of manatees at Port of the Islands is 
often poor because of the poor water clarity caused by 
the mud stirred up from the bottom when large num- 
bers of manatees are present. Therefore, these winter 
counts may underestimate the number present. Higher 
counts at Port of the Islands and Faka Union Canal have 
been recorded more recently during statewide synoptic 
surveys (Ja uary 20, 1997—240 at Port of the Islands, 
395 in Collier County; January 6, 2001—199 at Port of 
the Islands, 354 in Collier County; FWC–FWRI, un- 
published data, 1991–2006). 
The abundant seagrass beds in the Ten Thousand 
Islands and fresh water availability at the Faka Union 
Canal are important resources that attract manatees to 
the area year-round (Weigle et al., 2001). The Port of 
the Isla ds marina als  provides a safe resting 
area for manatees during all seasons because of 
low winds and currents and idle-speed 
restrictions for boats. Telemetry data have shown 
that manatees living in the area make frequent 
trips to Port of the Islands, presumably to drink 
fresh water that fl ws over the weir from inland 
drainage canals (Weigle et al., 2001; J. Reid, 
increased very rapidly from 86,000 to 251,000 from 
1980 to 2000, an increase of 5.5%/yr, almost tripling in 
20 years (U.S. Census Bureau Web site). From 1974 to 
2005, Collier County had the third-highest number of 
m natee deaths of all Florida counties; FWC, u pub- 
lished data). In the past 11 year  (1994–2005), 10–37 
carcasses ave been recov red in Collier County each 
year except 1996, when 70 carcasses were recovered, in- 
cluding at least 43 manatees that died from red tide 
(Bossart et al., 1998). Care should be taken to ensure that 
critical resources are protected in southern Collier 
County and that additional anthropogenic effects on 
manatees remain low (Collier County, 1995). 
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1 4 72 125 75 276 The percentage of calves in winter in the Lee County 
(0.5%) (3%) (6%) (6%) (4%) surveys was 10.8% in 1984–85 and 12.7% in 1994–98. It 
2 65 338 282 188 873 may be that similarly, more mothers with calves seek 
(8%) (16%) (14%) (15%) (14%) out the refuge at the FPL Fort Myers power plant. 
3 405 537 218 161 1,321 Collier County is an important area for manatees 
(50%) (26%) (11%) (13%) (21%) year-round. Counts in this study area have consis- 
4 94 348 265 165 872 tently been among the highest of all the counts made 
(12%) (17%) (13%) (13%) (14%) during manatee distribution studies. Both the Ten 
5 188 501 337 323 1,349 Thousand Islands and Port of the Islands have high 
(23%) (24%) (17%) (25%) (22%) numbers of manatees throughout the year. Both human 
6 56 281 791 361 1,489 and manatee use in this area have increased (Chapter 
(7%) (14%) (39%) (28%) (24%) 16, this volume). Collier County is one of the fastest- 
Total 812 2,077 2,018 1,273 6,180 growing counties in Florida.The human population has 
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Table 3  Number of manatees observed in aerial surveys, and 
percentage, by zone and quarter (n = 57 surveys), January 1991 
to November 1993, Ten Thousand Islands, Collier County, 
Florida. Column percentages are in parentheses. (AMTEN     
data set)
.
feeding (14.3%) and traveling (7.1%).The distribution
of behaviors for zone 7 was 54.8% (17) feeding, 35.5%
(11) traveling, and 9.7% (3) resting. Manatees were ob-
served traveling only in zone 4 and zone 9. No mana-
tee sightings were documented in zone 2 or zone 8
(Table 3).
Discussion
Manatee population estimates in other areas of Florida
are often assessed during the coldest times of the year
when manatees are found at industrial outflows and
natural springs. However, seasonal distribution of
manatees during all seasons of the year is critical to an
understanding of patterns of use by manatees. The
data collected from 1995 through 1999 emphasized the
increasing importance of the Apalachicola area to
manatees (Powell and Rathbun, 1984; Rathbun et al.,
1990; Fertl et al., 2005). Public manatee sightings and aer-
ial survey data showed that the greatest number of
manatees used ANERR waters from April through
October. June, July, and August had the highest mean
number of manatees (Table 2). Although the sample
size is small, this trend is consistent with historical lit-
erature and anecdotal sightings (Edmiston and Tuck,
1987; Chapter 12, this volume, Wakulla, 1994–96).
The increased incidence of manatee sightings in
Franklin County may be the result of a range extension
by manatees or a growing manatee population in
northwestern Florida. However, the increase in sight-
ings may also be the result of heightened public aware-
ness or increased human use of the coastal system.
Reports of manatees throughout northwestern
Florida have increased. Most data come from aerial
counts at winter aggregations in Citrus County (Hart-
man, 1979; Powell, 1981; Powell and Rathbun, 1984;
Rathbun et al., 1990; J. Kleen, USFWS, unpublished
data). Increases in the counts could result from immi-
gration, reproduction in the population, high survival
rates (Langtimm et al., 1998, 2004), or from increased
prot ctio  at those winter aggregations. The higher
cou ts are probably a c mbination of more than one
of these factors. Results of other studies also show in-
creased use of Northwest Florida by manatees (O’Shea,
1988; Ackerman, 1995; Eberhardt and O’Shea, 1995;
FWC, 2002; Runge et al., 2004).
The spatial and temporal information obtained
during the 1997–98 aerial surveys (Map 3; Figure 1;
Table 1) has proven to be very useful. Information on
manatees in the Apalachicola system is critical to un-
derstanding their seaso al distribution and may prove
invaluable in the future if protective measures be-
co e necessary in this system.This study verified that
manatees are more abundant in the Apalachicola area
during the warm months, in particular from May
through August. This result was expected because of
manatee thermoregulatory constraints and the lack
of artificial or natural warm-water refugia in the area.
It is also noteworthy that the percentage of calves seen
in the survey areas was very low in comparison to the
percentage seen in other areas of Florida, which may
Florida Manatee Distribution 1984–2004 Edwards & Ackerman
120 FWRI T ch ical Report TR-00
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Figure 1 Number of anatees observed per survey and mean count
of manatees by month (n = 18 surveys), June 1997 to August 1998,
Apalachicola Bay area, Franklin County (AMAPALG data set).
Table 3 Number a d perce tage of manatees bserved in
aerial surveys, by quarter and zone, June 1997 to ugust 1998,
Apalachicola Bay area, Franklin County, Florida.
r
i t r Spri Su mer Fall Total
0 0 5 0 5
(0.0%) (6.8%) (6.3%)
0 0 0 0 0
(0.0 ) (0.0 ) (0.0 )
0 0 1
(0.0 ) (1.4 ) (1.3 )
0 0 4 0 4
(0.0 ) (5.4 ) (5.0 )
0 28 0 28
(0.0 ) (37.8%) (35.0%)
0 4 3 0 7
(66.7%) (4.1 ) (8.8 )
7 0 2 29 0 31
(33.3%) (39.2%) (38.8%)
8 0 0 0 0 0
(0.0%) (0.0%) (0.0%)
9 0 0 4 0 4
(0.0%) (5.4%) (5.0%)
Total 0 6 74 0 80
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USGS, 2000–2003, unpublished telemetry data). 
The percentage of calves in the study area did not 
change significantly over the year (ANOVA, P = 0.001). 
However, the percentage of calves was lowest in sum- 
mer and highest in winter (Table 2).The concentration 
of manatees at Port of the Islands in winter (Table 3) may 
account for the increased percentage of calves recorded 
in that season. Mothers with calves probably seek out 
the warmerwaters and protection at Port of the Islands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(n = 2,842 groups containing 6,180 anatees, ⎟2 = 364.6, 
df = 12, P < 0.0001) 
 
 
 
winter (Weigle et al., 2001; USGS telemetry data; FWC 
photoidentificatio  data; L. Keith, FWC, personal com- 
munication). Some travel south to the Everglades, an- 
other unheated winter-use area. 
The visibility of manatees at Port of the Islands is 
often poor because of the poor water clarity caused by 
the mud stirred up fro  the botto  when large num- 
bers of manatees are present. Therefore, these winter 
counts may underestimate the number present. Higher 
counts at Port of the Islands and Faka Union Canal have 
been recorded more recently during statewide synoptic 
surveys (January 20, 1997—240 at Port of the Islands, 
395 in Collier County; January 6, 2001—199 at Port of 
the Islands, 354 in Collier County; FWC–FWRI, un- 
published data, 1991–2006). 
The abundant seagrass beds in the Te  Thousand 
Islands and fresh water availability at th  F ka Union 
Canal are important resources that att act m atees t  
the area year-round (Weigle et al., 2001). The Port of 
the Islands marina also provides a safe esting 
area for manatees during all seasons because of 
low winds and currents and idle-speed 
restrictions for boats. Telemetry data have shown 
that manatees living in the area make frequent 
trips to Port of the Islands, presumably to drink 
fres  water that fl ws over the weir from inland 
drainage canals (Weigle et al., 2001; J. Reid, 
 
increased very rapidly from 86,000 to 251,000 from 
1980 to 2000, an increase of 5.5%/yr, almost tripling in 
20 years (U.S. Census Bureau Web site). From 1974 to 
2005, Collier County had the third-highest number of 
manatee deaths of all Florida counties; FWC, unpub- 
lished data). In the past 11 years (1994–2005), 10–37 
carcasses have been recovered in Collier County each 
ye r except 1996, when 70 carcasses were recovered, in- 
cluding at least 43 manatees that died from red tide 
(Bossart et al., 1998). Care should be taken to ensure that 
critical resources are protected in southern Collier 
County and that additional anthropogenic effects on 
manatees remain low (Collier County, 1995). 
 
Acknowledgments	  
	  
The aerial surveys were made by Bruce Ackerman, 
Kari Clifton, Pete Nabor, and Tom Pitchford. Bruce 
Ackerman participated i  survey design, write-up, and 
statistical analysis. The GIS data sets were created by 
Kari Clifton, Ed Prouty, Diane Richards, Monica Ross, 
and Leslie Ward. The maps in this report were created 
by Chris Boland, Stephanie Cain, Janet Gannon, Julie 
Mikolajczyk, and Aaron Rose.The graph was created 
by Holly Edw ds. David Crewz, Llyn French, Lucy 
Keith, Judy Leiby, Sara McDonald, and Jim Quinn pro- 
vided helpful comments on the manuscript. We also 
thank Ed Wilson and the other pilots of Ft. Myers Air- 
ways, Fort Myers, Florida.This research was supported 
by FWC’s Save the Manatee Trust Fund and was con- 
ducted under FWC permit MA773494. 
1 4 7  125 75 276 The percentage of calves in winter in the Lee County 
	   (0.5%) (3%) (6%) (6%) (4%) surveys was 10.8% in 1984–85 and 12.7% in 1994–98. It 
2 65 338 282 188 873 ay be that similarly, more mothers with calves seek 
	   (8%) (16%) (14%) (15%) (14%) out the refuge at the FPL Fort Myers power plant. 
3 405 537 218 161 1,321 Collier County is an important area for manatees 
	   (50%) (26%) (11%) (13%) (21%) year-round. Counts in this study area have consis- 
4 94 348 265 165 872 tently been among the highest of all the counts made 
	   (12%) (17%) (13%) (13%) (14%) during manatee distribution studies. Both the Ten 
5 188 501 337 323 1,349 Thousand Islands and Port of the Islands have high 
	   (23%) (24%) (17%) (25%) (22%) numbers of manatees throughout the year. Both human 
6 56 281 791 361 1,489 and manatee use in this area have increased (Chapter 
	   (7%) (14%) (39%) (28%) (24%) 16, this volu e). Collier County is one of the fastest- 
Total 812 2,077 2,018 1,273 6,180 growing counties in Florida.The human population has 
	  
Edwards, Holly 6/12/2015 3:43 PM
Comment	  [16]:	  Missing	  an	  “o”	  
Edwards, Holly 6/12/2015 3:44 PM
Deleted:	  s
Edwards, Holly 6/12/2015 3:44 PM
Deleted:	  ere
Edwards & Ackerman  Ten Thousand Islands & Port of the Islands  Florida Manatee Distribution 1984–2004 
FWRI Technical Report TR-00 213 
. 
	  
	  
 
Table 3 Number of m natees observed in aerial surveys, 
and percentage, by zone and quarter (n = 57 surveys), Jan- 
uary 1991 to November 1993, Ten Thous nd Islands, Col- 
lier County, Florida.Column percentages are i  parentheses. 
(AMTEN data set) 
 
 
Quarter	  
	  
Zone	  	  	  Winter	  	  	  	   Spring	  	  	  	  	  	   Su mer	  	  	  	  	  Fall	  	  	  	  	  	   Total	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The percentage of calves in the study area id not 
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How ver, the percentage of calves was lowest in sum- 
mer and highest in winter (Table 2).The concentration 
of m natees at Port of the Islands in winter (Table 3) may 
account for the increased percentage of calves recor ed 
in that season. Mothers with calves pro ably seek out 
the warmer waters and protectionat Portof the Islands. 
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winter (Weigle et al., 2001; USGS telemetry d ta; FWC 
ph toide tification d ta; L. Keith, FWC, personal com- 
m nication). Some travel south o the Everglades, an- 
other unheated winter-use area. 
The visibility of m natees at Port of the Island is 
often poor because of the poor water clarity caused by 
the ud stirred up from the bottom when large num- 
bers of m natees are pr sent. Th refore, th se winter 
counts may und restima e the number pr sent. Higher 
counts at Port of the Islands and F ka Union C nal have 
been recor ed mo  r cently during statewide synoptic 
surveys (January 20, 1997—240 at Port of the Islands, 
395 in Collier County; January 6, 2001—199 at Port of 
the Islands, 354 in Collier County; FWC–FWRI, un- 
publishe  data, 1991–2006). 
The abundant seagrass be s in the Ten Thousa d 
Islands and fresh water v il bility at the F ka Union 
C n l are important resources th  attract m natees to 
the area year-round (Weigle et al., 2001). The Port of 
the Islands marin  also provides a safe resting 
area for m natees during all seasons because of 
low winds and currents and idle-sp ed 
rest ictions for boats. Telemetry d ta have shown 
that m natees living in the area make frequent 
tri s to Port of the Islands, presum bly to drink 
fresh water that fl ws over the weir from inland 
drainage c nals (Weigle et al., 2001; J. Reid, 
 
increased very rapidly from 86, 00 to 251, 00 from 
1980 to 2 00, a  increase of 5.5%/yr, almost tripling in 
20 years (U.S. Cen us Bureau Web site). From 1974 to 
2005, Collier County had the third-highest number of 
m natee deaths of all Florida counties; FWC, unpub- 
lishe  d ta). In the past 11 years (1994–2005), 10–37 
carcas e  have be n recov red in Collier County each 
year except 1996, when 70 carcas es w  recov red, in- 
cl ding at least 43 m natees that died from red tide 
(Bossar et al., 1998). Care should be taken to ensure that 
critical resources are protected in southern Collier 
County and th t addition l anthropogenic effects on 
m natees remain low (Collier County, 1995). 
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Table 3 Number of manatees observed in aerial surveys, 
and percentage, by zone and quarter (n = 57 surveys), Jan- 
uary 1991 to November 1993, Ten Thousa d Islands, Col- 
lier County, Florida. Column percentages are in parentheses. 
(AMTEN data set) 
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USGS, 2000–2003, unpublished telemetry data). 
The percentage of calves in the study area did not 
change significantly over the year (ANOVA, P = 0.001). 
However, the percentage of calves was lowest in sum- 
mer and highest in winter (Table 2).The concentration 
of manatees at Port of the Islands in winter (Table 3) may 
account for the increased percentage of calves recorded 
in that season. Mothers with calves probably seek out 
the warmer waters and protection at Port of the Islands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(n = 2,842 groups containing 6,180 manatees, ⎟2 = 364.6, 
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winter (Weigle et al., 2001; USGS telemetry data; FWC 
photoidentification data; L. Keith, FWC, person l com- 
munication). Some travel south to the Ev gla es, an- 
other unheated winter-use area. 
The visibility of manatees at Port of the Islands is 
often poor because of the poor water clarity caused by 
the mud stirred up from the bottom when large num- 
bers of manatees are present. Therefore, these winter 
counts may underestimate the nu ber present. Higher 
counts at Port of the Isl nds and Fak  Union Canal have 
be n r corded more recently du ing st tewide synoptic 
su veys (Janu ry 20, 1997—240 at Port of th  Islands, 
395 in Colli r County; Ja uary 6, 2001—199 at Port of 
the Islands, 354 in Collier County; FWC–FWRI, un- 
pu li hed data, 1991–2006). 
The abundant se grass beds in the Ten Thousand 
Islan s and fres  water availability at the Faka Union 
Canal  importa t r sou ces that attract manatees to 
the a a ye r-round (W igle et al., 2001). The Port of 
the Isl nds mari a also pr vi es  safe resting 
ar a for manatees during all s as ns because of 
low i  and cur ents and idle-speed 
restrictio s for boats. Telemetry data have shown 
that manate s livi g in the area make frequent 
trips to Port of the Islands, presumably to drink 
fresh water th t fl ws over the weir from inland 
d ainage c n ls (Weigle et al., 2001; J. Reid, 
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1980 o 2000, an increase of 5.5%/yr, almost tripling in 
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2005, Collier County had the third-high st number of 
manat e deaths of all Florida counties; FWC, unpub- 
lished data). In the past 11 years (1994–2005), 10–37 
carc sses ve been recovered in Collier County each 
y ar exce  1996, w n 70 c rcasses wer  r covered, in- 
cl ding at least 43 manat es t at died from red tide 
(Bos rt et a ., 1998). Care should be take  to ensure that 
critic l res u ces are protected in southern Collier 
County a d that additional anthropo e ic effects on 
manat e  remain low (Collier County, 1995). 
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   (8%) (16%) (14%) (15%) (14%) out the refuge at the FPL Fort Myers power plant. 
3 405 537 218 161 1,321 Colli r County is an important area for manatees 
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4 94 348 265 165 872 tently been amo g the h ghest of ll the counts made 
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Marco Island to the north), accounting for the 
higher counts in winter.
However, evidence suggests that Port of the 
Islands is not warm enough for manatees to 
survive during prolonged periods of intense 
cold (carcasses and rescues in spring 2001, FWC 
unpublished mortality and rescue data; J. Reid, 
USGS, 2000–2003, unpublished telemetry data). 
Although it might be expected that manatees 
would move to warmer sites, such as the 
FPL power plant in Fort Myers, there is little 
evidence that the manatees at Port of the Islands 
do so during winter (Weigle et al., 2001; USGS 
telemetry data; FWC photoidentification data; 
L. Keith, FWC, personal communication). Some 
travel south to the Everglades, another unheated 
winter-use area.
The visibility of manatees at Port of the Islands 
is often poor because of the poor water clarity 
caused by the mud stirred up from the bottom 
when large numbers of manatees are present. 
Therefore, these winter counts may 
underestimate the number present. Higher 
counts at Port of the Islands and Faka Union 
Canal have been recorded more recently during 
statewide synoptic surveys (January 20, 1997—
240 at Port of the Islands, 395 in Collier County; 
January 6, 2001—199 at Port of the Islands, 354 in 
Collier County; FWC–FWRI, unpublished data, 
1991–2006).
The abundant seagrass beds in the Ten Thousand 
Islands and fresh water availability at the Faka 
Union Canal are important resources that attract 
manatees to the area year-round (Weigle et 
al., 2001). The Port of the Islands marina also 
provides a safe resting area for manatees during 
all seasons because of low winds and currents 
and idle-speed restrictions for boats. Telemetry 
data have shown that manatees living in the 
area make frequent trips to Port of the Islands, 
presumably to drink fresh water that flows over 
the weir from inland drainage canals (Weigle et 
al., 2001; J. Reid, USGS, 2000–2003, unpublished 
telemetry data).
The percentage of calves in the study area did not 
change significantly over the year (ANOVA, P 
= 0.001). However, the percentage of calves was 
lowest in summer and highest in winter (Table 
2). The concentration of manatees at Port of the 
Islands in winter (Table 3) may account for the 
increased percentage of calves recorded in that 
season. Mothers with calves probably seek out 
the warmer waters and protection at Port of the 
Islands. The percentage of calves in winter in the 
Lee County surveys was 10.8% in 1984–85 and 
12.7% in 1994–98. It may be that similarly, more 
mothers with calves seek out the refuge at the 
FPL Fort Myers power plant.
Collier County is an important area for manatees
year-round. Counts in this study area have 
consistently been among the highest of all 
the counts made during manatee distribution 
studies. Both the Ten Thousand Islands and Port 
of the Islands have high numbers of manatees 
throughout the year. Both human and manatee 
use in this area have increased (Chapter 16, 
this volume). Collier County is one of the 
fastest-growing counties in Florida. The human 
population has increased very rapidly from 
86,000 to 251,000 from 1980 to 2000, an increase of 
5.5%/yr, almost tripling in 20 years (U.S. Census 
Bureau Web site). From 1974 to 2005, Collier 
County had the third-highest number of manatee 
deaths of all Florida counties; FWC, unpublished 
data). In the past 11 years (1994–2005), 10–37 
carcasses have been recovered in Collier County 
each year except 1996, when 70 carcasses were 
recovered, including at least 43 manatees that 
died from red tide (Bossart et al., 1998). Care 
should be taken to ensure that critical resources 
are protected in southern Collier County and that 
additional anthropogenic effects on manatees 
remain low (Collier County, 1995).
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Manatee mother and calf at Three Sisters Springs, Crystal River. Photo by Kane Rigney, FWC.
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